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ABSTRACT
White flesh sweetpotatoes (Ipomoea batatas (L.) Lam) are a major food crop in 
developing countries. The purpose of this study was to evaluate the protein and 
carotenoid content and quality of various white fleshed African sweetpotatoes and Apios 
americana tubers for use as a weaning food. Although the sweetpotato and Apios are not 
normally considered sources of carotenoids and proteins, the wide use of sweetpotatoes 
as a source of carbohydrate and the renewed interest in Apios warrant the study of 
carotenoids and proteins in these crops. Total carotenoids ranged from 0p,g/100g to 
260pg/100g (fresh weight basis) for sweetpotatoes. Apios total carotenoids ranged from 
10 to 40 p.g/100 (fresh weight basis). On processing into puree, there was reduction in 
total carotenoids in sweetpotatoes, from 20 to 250pg/100g. B-Carotene, a-carotene and 
canthaxanthin were identified by isocratic reverse phase HPLC. The values for B-carotene 
ranged from zero to 146|o.g/100g(fresh weight basis) in the sweetpotatoes, and between 
2 and 17pg/100g in the puree. Carotenoids were confirmed by mass spectroscopy. Apios 
and two other cultivars did not show any B-carotene, a-carotene or canthaxanthin.
The sweetpotatoes had a protein content ranging from 4.26 to 8.23 percent fresh 
weight after pureeing and freeze drying. These were formulated into a rat diet by 
increasing protein content with pigeon peas (Cajanus cajan) and other dietary 
supplements, in 60:40 ratio (root crop: pigeon peas). The pigeon peas raised the protein 
content to 10% for protein efficiency ratio (PER) studies. PER for diets was found to 
range from 1.57 to 1.92 compared to a PER of 2.5 for casein , indicating significant 
differences (p<0.05) in protein quality among the different diets. The data, indicates that
one sweetpotato cultivar (T1702) would be suitable for formulating weaning food, due to 
a higher protein content and higher protein quality, shown by amino acid profile and PER.
Processing into puree lowered the amino acid contents from raw roots but in 
varying degrees. There was a significant difference between the amino acids in the 
sweetpotato cultivars (p<0.05) and between sweetpotatoes and Apios. In vitro studies 
showed low digestibility, probably due to trypsin inhibitors. The computed-PER values 
for all test materials were very low too, suggesting that this is not a very good method 
of measuring protein quality in root crop based diets.
This study shows that some white flesh sweetpotatoes with complimentation may 
be used as a source of protein for weaning food but not as a source of B-carotene. Apios, 
despite its high level of protein, is not a very good weaning food because the amino acids 
do not seem to be available to facilitate growth in the rats studied. Further studies need 
to be done to determine how 1-2 year old children perform on such a weaning food.
x
INTRODUCTION
In the rural communities of developing countries, the main source of vitamin A 
in the diet is carotenoids from vegetables and fruits. There is a lack of empirical 
evidence for hypovitaminosis A, especially from populations at risk of hypovitaminosis 
A in developing countries (Solomon et al., 1993). Sustained prevention of childhood 
hypovitaminosis A at community level could be based on the consumption of edible 
plants. Prevention of hypovitaminosis A might be achieved by creating a capacity for the 
most vulnerable sector, the preschool child, to consume carotene-rich foods (Carlier et al., 
1992, Rahaman et al., 1993).
Pre-formed vitamin A found in meat, liver, and eggs is frequently too expensive 
for the economically deprived. Fortunately, many of these countries have abundant 
vegetation rich in carotenoids. There should be no vitamin A deficiency problem; 
however, this is not true. Low intake of carotenoids and diets lacking in fat and protein 
make absorption of precursors to vitamin A very poor. There is also no clear evidence 
of which fruits and vegetables are richest in P-carotene beyond comparing color 
differences (Tee, 1992). Roots and tubers are generally low in carotenoids. They are 
however, consumed widely in many developing countries, and therefore, their use as a 
source of carotenoids may need to be studied.
Besides vitamin A deficiency, protein-malnutrition is a very important form of 
malnutrition in almost all developing countries. Protein is an essential nutrient, and the 
requirements of children are proportionately higher than those of adults. Diets based on 
some noncereal starchy staple foods such as cassava and plantain are more deficient in
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protein than are cereal-legume based diets. Evidence from developing countries suggests 
that most children with protein deficiency are consuming diets deficient in energy and 
protein. If most of the intakes of existing foods are increased to supply energy 
requirements, the diets would usually more than satisfy protein requirements as well 
(Pellet, 1986). This new knowledge has led to increased consumption of locally produced 
foods for weaning (Latham, 1984).
The sweetpotato, (Ipomoea batatas) is a major food crop in developing and 
developed countries. The orange fleshed varieties have become an important source of 
vitamin A in many diets. The protein content of the typical sweetpotato is not high, that 
which is present contains all of the essential amino acids, but levels of some amino acids 
are lower than required levels (Walter et al., 1984). Little dietary information is known 
about the white fleshed varieties grown more commonly in developing countries. 
Ipomoea batatas is a very important crop in many parts of the world, and is cultivated 
in more than 100 countries. It ranks seventh as a world crop in terms of total crop 
production. In terms of money, it ranks thirteenth globally in the production value of 
agricultural commodities. It is the fifth on the list of the developing countries' most 
valuable food crops (Horton, 1988). According to FAO, sweetpotatoes are grown in 111 
countries of which 101 are classified as "developing nations" (Horton, 1988). Among the 
world's root crops the sweetpotato ranks second only to potato in economic importance 
(Horton, 1988). Developing countries produce and consume nearly all the world's 
sweetpotatoes. Approximately 90% are produced in Asia, just under 5% in Africa and 
only about 5% in all the rest of the world. Only about 2% of the world's sweetpotatoes
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are grown in industrialized countries, mainly in the United States and Japan. Most of the 
sweetpotatoes consumed in the developing countries are white or "starchy" sweetpotato 
rather than the orange flesh varieties used in the United States. China has an annual yield 
of 100 million tons (International Sweetpotato Center, 1986) and is the world's largest 
producer of sweetpotatoes. Indonesia is second after China and Uganda is third, followed 
by Vietnam. These countries produce roughly two million metric tons of sweetpotatoes 
each annually (Woolfe, 1992). Estimations of sweetpotato yields (Walter et al., 1984) 
have been placed at 184kg/ha. This compares favorably with that of wheat (200 kg/ha) 
and rice (168 kg/ha), and has the potential to provide about two million metric tons of 
protein world-wide.
The objective of this study was to formulate a weaning food from white fleshed 
sweetpotatoes, using protein complementation to increase the nutrient content. Four 
cultivars of white flesh African sweetpotatoes were chosen. Carotenoids in raw and 
finished product were evaluated. Protein amounts were determined and quality of protein 
in the weaning food formulated from these cultivars was determined biologically by 
amino acid profile and by in vitro digestibility.
Another plant, Apios Americana, which has recently been suggested as a potential 
root crop, was also included in the study. It is a legume which produces fleshy roots and 
has gained some notoriety as a protein source (Blackmon and Reynolds, 1986). Since 
other species of this genus exist worldwide, the potential of using this crop as a weaning 
food was investigated to determine the usefulness of this plant.
LITERATURE REVIEW 
Weaning Food
Weaning food is the introduction to an infant of any solid, semisolid, or liquid 
food other than breast milk (Codex Alimentarius, 1990). Many weaning foods are 
primarily composed of cereal grains and/or legumes that are low in methionine. Worse 
still, the weaning food is usually in chronically short supply, especially in the developing 
countries (Barbeau, 1989). Weaning foods based on starchy plant materials such as 
cassava or plantain may meet energy, but not the protein requirements of a growing child 
(Mitzner et al., 1984). Traditional weaning foods also may tend to be bulky (high 
volume/unit weight) and a young child may have difficulty eating enough quantities of 
food to meet their energy requirements. Young children in developing countries tolerate 
soft food especially well and for this reason mothers typically dilute weaning food 
mixtures with water. Children subsisting on thin, watery gruels can be expected to have 
low intakes of energy, protein and other nutrients (Cameron and Hofvander, 1983). 
Proper weaning foods should be able to supply vitamins and minerals not present in 
breast milk, while providing additional calories. The sweetpotato Ipomoea batatas 
together with a legume like pinkeye pigeon peas (Cajunus cajan) may be able to supply 
the requirements not met by milk, when properly complemented.
In developing countries, the introduction of weaning food may occur in the first 
several days of life. In certain cultures colostrum is discarded, or in instances of maternal 
death or postpartum illness, weaning food is introduced as milk or in some other food 
(Brown, 1978). In many African or developing countries, the period during which milk
4
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is replaced by other foods usually starts three to six months after birth. This may extend 
to the age of two to three years (Brown, 1978).
Cultural influences play a major role in determining when certain foods are 
introduced into the weanling's diet. Buddhists avoid using animal milk, whereas Hindus 
and Moslems have no objections. Colostrum is discarded in Pakistan. Introduction of the 
solids may be associated with the first tooth as in China (Sidel, 1971). In India, rice is 
given to the infant in a special weaning ceremony (Jelliffe, 1968). Some countries have 
no special weaning foods, so the infant is breast fed until the subsequent pregnancy. The 
infant usually goes from the breast to the full adult diet as seen in the Sudan, Somalia, 
and Saudi Arabia. In Lebanon and Syria, semi-solids from adult diet are traditionally 
introduced as weaning foods (Jelliffe, 1968). In Uganda, (Hellstrom et al., 1981), 
children are usually fed the family diet, made from cereals or roots and tubers, which 
have high volume/viscosity.
Importance of Weaning Foods
Interest in weaning foods stems from a number of interrelated considerations. 
These include the generally accepted statement that good or adequate nutritional status 
is associated with good or adequate defense mechanisms against infections. In many 
developing countries, sometime between the fourth and sixth month of life, the infant fed 
solely breast milk is bound to fall below accepted reference weight for age. A poorly fed 
lactating woman, at best, can produce approximately 500 to 600ml of milk daily. For 
ideal growth, infants at a weight of 5kg or at age three to four months require more than 
850ml of breast milk daily (Whitehead, 1976). Thus the infant's nutrient needs fail to be
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met by breast milk alone resulting in dietary inadequacy. Staying on the breast 
(Whitehead, 1976) may lead to severe protein-energy malnutrition as seen in the Gambia 
where there is 50% mortality of children before the age of five. The infant mortality rate 
in Uganda is 99/1000, and is mainly nutrition related (United States, Department of State,
1991).
Weaning Foods and Their Preparation
Attempts have been made in the direction of preparing weaning foods. For 
example in Sri Lanka, a product called "Thiposha" contains 20% sorghum blended with 
wheat-soy blend. This food is eaten by all members of the family (Anderson and Grewal, 
1976).
The weaning cereal product, "Incaparina," was introduced in 1963 as a family 
food, first in Guatemala and later in Colombia. The protein source is cottonseed flour, 
deficient in lysine and methionine. Another similar weaning food is "Superamine " which 
is made in Algeria. "Faffa," an Ethiopian variety of protein rich infant food, is limiting 
in tryptophan and methionine, and it does not have the expected biological value for 
children. Oil seeds, nuts, and legume seeds have been used in preparation of weaning 
foods. Well designed mixtures have proven excellent substitutes for milk and can 
promote comparable growth in children (Abbey and Mark-Balm, 1988).
Abbey and Mark-Balm (1988) developed and studied the nutritional quality of 
weaning foods prepared from composite flours of maize (Zea mays L.), ungerminated and 
germinated cowpea (Vigna unguiculata). Animal feeding studies suggested a slight 
increase in protein efficiency ratio (PER), net non-protein utilization (NPU), true nitrogen
digestibility (TND) and biological value (BV) for diets containing germinated cowpea 
flour. Increasing ungerminated raw cowpea content of the diet concomitantly decreased 
the protein quality. All diets containing cowpea were found to be inferior to the standard 
diet, but superior to com. Trypsin inhibitory activity was destroyed by heating, and liver 
and pancreas weights were not affected.
Del Valle et al., (1987) developed and evaluated a low cost amaranth, Amaranthus 
cruentus, containing food for preschool children. The blend was in flour form and was 
from whole amaranth seed, pearled oats, soybeans, sucrose and vegetable oil. The blend 
had similar proximal chemical analysis and total caloric content to, and identical caloric 
distribution and vitamin/ mineral patterns to soy/oats infant formula previously developed. 
The amaranth blend equaled the FAO/WHO 1973 children's pattern for tryptophan, and 
exceeded this pattern as well as the soy/oats formula in all other essential amino acids. 
It reflected higher PER than casein (standard diet) and soy/oats formula. In the feeding 
trials with children 1-3 years old, there was no significant difference in weight gain 
observed between the soy/oat formula or amaranth blend.
Assessment of Protein Allowances for Babies
During the first year of life, the protein content of the body increases from 11% 
to 14.6%, and body weight increases by approximately 7kg. The average increase in the 
body protein is about 3.5g/day during the first four months of life and 3.1g/d during the 
next eight months (Fomon, 1974). As growth rate drops after the first year of life, the 
maintenance requirement represents a gradually increasing proportion of the total protein 
requirements.
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Amino acid score (based on the amount of the single most limiting amino acid) 
including correction for true digestibility of protein, has been considered to be the most 
suitable routine method for assessing protein quality of vegetable protein products and 
other food products (Codex Alimentarius, 1990). Assessments of amino acid adequacy 
of infant formulas are therefore based on a method that takes into account both quality 
and quantity of protein. Such a method is termed "amino acid rating." Infant food found 
lacking in methionine can be supplemented with methionine directly or by boosting 
overall protein content. The protein digestibility-corrected amino acid rating and/or 
scoring method (Henley and Kuster, 1994) is simple. This approach is scientifically 
sound for routine evaluation of protein adequacy of infant formulas and weaning food.
The estimates of protein requirements of infants aged 3-4 months by 
FAO/WHO/United Nations University (UNU) (1.47g/kg/d as crude protein, N X 6.25) are 
overestimates, since simulation analyses by Beaton et al., (1988) suggest that 1.1- 
1.2g/kg/day are a more reasonable estimate. The Recommended Dietary Allowance 
(RDA) for 1-3 year old babies are 23g/day of protein (National Research Council, NRC, 
1989).
Protein Quality of Baby Food
Lack of protein or its poor quality is shown by growth retardation, low weight and 
height in relation to age, and mortality. The characteristics of protein-energy malnutrition 
may be seen as marasmus, which occurs most commonly in babies 6-18 months. It may 
be observed as kwashiorkor which tends to afflict older children of 12-48 months.
The protein quality of a baby food may be determined by amino acid 
proportionality pattern, protein digestibility, or amino acid bioavailability of the protein 
source used in its preparation. It has been suggested that various degrees of heat 
processing used in preparation of various forms (e.g., powder, ready to use and liquid 
concentrate) of milk-based infant formulas may influence amino acid availability (Sawar 
et al., 1989). Liquid concentrates which require more heat treatment during preparation 
than powders have been reported to contain lower levels of available lysine and sulphur 
amino acids than powders ((Packard et al., 1982; Sawar et al., 1989). The greater heating 
processing (in the presence of high levels of moisture, protein, lactose, and unsaturated 
fatty acids) in liquid concentrate may cause more loss of lysine (by Maillard reactions) 
and sulphur amino acids (by oxidation reactions) than in powder (Sawar et al., 1989).
According to the requirement pattern suggested by the (FAO/WHO, 1973), infant's 
growth requirements (per gram of protein) for methionine + cystine (29mg) and lysine 
(52mg) are lower than the rat's growth requirements for methionine + cystine (40-50mg) 
and (58mg) for lysine. However, the differences between the methionine + cystine or 
lysine requirements of infants and rats may be considered small if the requirement pattern 
suggested by the FAO/WHO/United Nations University (UNU) is followed. According 
to this pattern, the infants' requirements for methionine + cystine and lysine are 42 and 
66 mg/g proteins respectively (FAO/WHO/UNU, 1985).
Pellet et al., (1986) found that the protein values of weaning food mixtures made 
according to general recommendations of Cameron and Hofvander, (1971, 1976) when 
tested biologically or by amino acid digestibility, determinations met the design criteria.
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Additionally all mixtures will exceed amino acid requirements when fed to meet food 
energy needs. Conversely, it can be diluted with sugar or oil by some 25-50% (on a food 
energy basis) while still supplying protein and essential amino acid needs for a one-year- 
old child.
Nitrogenous Compounds of Sweetpotatoes
In 1992 the estimated world harvests of sweetpotatoes were 114 million metric 
tons with dry matter content of about 31 million metric tons (Woolfe, 1992). The world 
wide yield of protein from sweetpotatoes may be estimated by using the United States 
mean yield for sweetpotatoes of 118 kg/ha (USDA, 1980), the mean dry matter content 
of 28% (Crosby, 1964), and mean protein of 5% (dry weight basis).
The composition of most roots and tubers changes little on boiling, whereas that 
of the cereals changes significantly (Woolfe, 1987) as nutrients are diluted by absorbed 
water. The crude protein content of sweetpotato (Kjeldahl nitrogen(N) X 6.25) has been 
reported to range from 1.3% to greater than 10% (dry weight basis) (Li, 1974; Purcell et 
al., 1972; Splittstoesser, 1977; Splittstoesser et al., 1973; Picha, 1985; Dickey et al., 
1985). The crude protein content of sweetpotatoes includes all nitrogenous compounds 
present in the sample being analyzed. Sweetpotato at harvest contains from 15 to 35% 
of crude protein content as nonprotein nitrogen (NPN). The main components of the 
NPN of the "Jewel" cultivar after 107 days of storage were asparagine (61%), aspartic 
acid (11%), glutamic acid (4%), serine (4%), and threonine (3%) (Purcell and Walter, 
1982). An additional 5.5% of recovered nitrogen consisted of small amounts of the other 
amino acids and ammonia. From the nutritional stand point, most of the sweetpotato
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NPN is available to satisfy the requirement for total utilizable nitrogen, but provides only 
small amounts of essential amino acids.
Protein Quality of Sweetpotatoes
A limited number of reports are available concerning the nutritional quality of 
isolated sweetpotato protein. Amino acid analyses that are available suggest that total 
sulfur is first limiting and lysine is the second limiting amino acid in sweetpotato protein 
(FAO/WHO, 1973; Nagase, 1957; USDA, 1980; Walter and Catignani, 1981). Data 
available suggest that there is some amino acid variability both between cultivars and 
within the same cultivar. Horigome et al., (1972) reported a protein efficiency ratio 
(PER) of 1.9 for protein recovered from sweetpotatoes in an industrial starch production, 
but cultivar was not reported. Walter and Catignani(1981) found PER values of heat 
precipitated concentrates and isolates from "Jewel" and "Centennial" cultivars to be equal 
to PER values for casein (milk protein).
A few experiments have been carried out to determine the capacity of sweetpotato 
root protein to maintain nitrogen balance in humans. Adolph and Liu, (1939), reported 
that sweetpotato could maintain nitrogen balance in adult human subjects but not in 
teenagers. Seven teenage and two adult males from Orchid Island (Taiwan) were fed 
diets in which steamed sweetpotato supplied 80-90% of their total energy and 75-91% of 
their total protein (Huang et al., 1979). At the end of the trial, the teenagers were in a 
negative nitrogen balance, indicating a degree of protein depletion in the teenagers. The 
two adults averaged a positive nitrogen balance. Supplementary value of sweetpotato 
protein for cereals has also been shown for humans. Adult Taiwanese male students fed
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a high rice diet were more prone to be in negative nitrogen balance than when part of the 
calories was provided by cooked sweetpotatoes (Yang et al., 1975).
Amino Acid Analyses and Scores
Complete amino acid analyses have been carried out by several researchers and 
others have been reviewed (Walter et al., 1984). It has been determined that generally 
sweetpotato protein has more lysine, but less sulfur-containing amino acids than does 
maize or rice protein. Sweetpotatoes have less lysine but more S-containing amino acids 
than does legume (Phaseolus vulgaris) protein. Wide ranges found in sweetpotato 
essential amino acids are believed to be due to cultivar, environment, cultural effects and 
postharvest treatment of the roots. Lysine contents have been found to range from 
2.2g/16gN (Yang et al., 1975) to as much as 7.2g/16gN (Purcell et al., 1982). The S- 
containing amino acid cystine, has been found in some cultivars and completely absent 
in others. Total S-containing amino acids are also variable, and can be as high as 
3.9g/16gN as in a cultivar grown in Taiwan (Li, 1982). Tryptophan content has been 
reported to be very low by some authors, O.lg/lOOg protein (Splittstoesser and Martin, 
1975) and 0.28g/100g protein (Dickey et al., 1984), but adequate by others (Goodbody,
1984). FAO/WHO/UNU, (1985), suggested that the amino acid scoring procedure should 
be based on the nitrogen requirement of human beings. From most recent calculations 
(FAO/WHO/UNU, 1985) the quality of sweetpotato is lowest for the infant, but moderate 
to high for all other age groups.
The moderate values of lysine and methionine which sweetpotato possesses in 
comparison with com (lower lysine) and beans (lower S-containing amino acids) suggest
that it could act as complement to the other two types of food. At the same time the 
deficiencies of S-containing amino acids and lysine for the most nutritionally vulnerable 
age groups suggest that an improvement in the quality of protein would be beneficial in 
those societies relying partly or heavily on sweetpotato as protein source (Woolfe, 1992). 
Complementation of Sweetpotatoes and Apios with Pigeon Peas
Complementation is the combining of two sources of protein so that they mutually 
balance each other's deficiencies or excesses. It increases efficiency of utilization by 
improving the overall amino acid pattern. Though in some cases, the overall pattern may 
still not be ideal for meeting the amino acid needs of the individual (Bressani, 1977).
True complementation is a synergistic effect taking place when two proteins are 
combined. The effect is synergistic because the protein quality of the best combination 
is above that of each individual component. This type of response is to be expected when 
one of the protein sources has a definitely higher concentration of the most limiting amino 
acid than that of the second limiting amino acid (e.g., lysine and methionine). Lysine, 
may be deficient in one protein source, but present in higher concentration in the second 
protein source. Methionine may be deficient in the protein which is rich in lysine but is 
present in relatively higher concentration in the lysine-deficient protein (Bressani et al., 
1962; Bressani and Elias 1966; Bressani and Elias 1969; Bressani 1968; Degroot and 
Van Stratum 1963). The sweetpotato and pigeon peas mixture in this experiment is this 
type of complementation.
There is limited published research using laboratory animals to investigate the 
nutritional value of sweetpotato protein. Some experiments have suggested that the
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quality of the sweetpotato protein is moderately good and have demonstrated its capacity 
for complementing the proteins in other foods. Yang et al., (1975), Yang (1982), 
described a series of experiments carried out on rats between 1965 and 1975. They 
observed that partial substitution of rice or wheat flour with sweetpotato flour increased 
the biological value of the dietary protein from 72 to 80 and 65 to 71 in male and female 
rats, respectively, and prolonged their life span. Pre-cooked dried rice which was 
replaced with pre-cooked sweetpotato flour in a diet originally consisted of 94% rice. 
This enhanced the performance of rats in terms of growth rate, feed efficiency, protein 
efficiency ratio and longevity (Yang and Blackwell, 1966).
In contrast, more recent research (Bressani et al., 1984) demonstrated the 
inferiority of sweetpotato protein compared to other roots and tubers. Sweetpotato 
performed the most poorly of the roots and tubers tested, having the lowest PER even 
when supplemented with methionine. The sweetpotato in this study was described merely 
as peeled, washed, dried and ground. The poor performance is therefore possibly due to 
the trypsin inhibitor present in the raw sweetpotato roots which had not been destroyed 
by heating, and was therefore interfering with the protein digestibility. A more useful 
experiment would have employed cooked sweetpotato in which trypsin inhibitor was 
known to have been inactivated (Woolfe, 1992).
The PER values of two American cultivars, "Centennial" and "Jewel", were 
determined in rats and compared to that of casein (Walter et al., 1983). The roots had 
been stored to increase the nitrogen levels to 1.8%(fwb). The PER of "Centennial", 2.22, 
was higher than that of "Jewel" 2.00 (corrected to casein=2.50). True sweetpotato protein,
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separated as either a concentrate or an isolate by precipitation from heated calcium 
chloride solution, was found to have high nutritional value. When fed to rats, the 
fractions had PERs and NPRs numerically superior (though not significantly different) to 
that of casein (Walter and Catignani, 1981). It has been suggested that such protein 
fractions, resulting from by-products of industries producing starch (Purcell et al., 1978) 
or alcohol (Walter and Catignani, 1981) could be used to feed humans.
Factors Influencing Protein Concentration
Considerable genetic variability seems to exist for both total and true protein 
which is a major factor observed in differences in sweetpotato protein content (Woolfe
1992). A range of total protein from 1.27% to 10.07% (dwb) was found among 300 lines 
grown in Taiwan under similar cultural practices in a single season with the majority 
containing 4 to 5% protein (Li, 1982). Total protein of 100 seedlings from seven parental 
clones grown in a single American location in one season ranged from 4.38% to 8.98% 
(dwb) with a mean of 6.29% (Dickey et al., 1984). On a fresh weight basis, the total 
protein of six American cultivars grown under identical conditions were analyzed 
immediately after harvest. The protein content, ranged from 1.36% to 2.13% (Picha,
1985). Ten cultivars from Papua New Guinea ranged in total protein from 1.29% to 
1.81% (fwb) (Bradbury et al., 1985).
Variations in individual amino acids have been noted not only between, but also 
within cultivars (Bradbury et al., 1984; Bradbury et al., 1985; Purcell and Walter, 1982). 
Amino acid variations occur even between roots from the same plant. The variations are 
high for a cultivar grown in several different environments (Bradbury et al., 1985).
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The average total protein content of sweetpotato at 1.5% (fwb) and 5% (dwb) is 
low, but is still superior to some other roots and tubers such as cassava, plantain, and 
swamp taro of the south Pacific. It is somewhat inferior to potato and yams and to 
cereals. The protein content of sweetpotato is little higher (2-3%) if it is used in a form 
where some of the moisture has been removed during cooking, for example roasted or a 
dry flour. To determine the value of protein, the quality of sweetpotato protein is 
determined by chemical procedures and animal feeding experiments (Woolfe, 1992). 
Carotenoids in Baby Foods
Carotenoids are natural pigments found in plants and some animals. They are 
responsible for most of the flesh color of orange/yellow sweetpotatoes. The major 
component of this group is beta carotene, which is of considerable nutritional importance 
as a precursor of vitamin A for animals and humans (Gross, 1987; Simpson and 
Chichester, 1981). The absence of vitamin A in diet of young children may cause 
xerophthalmia, keratomalacia and night blindness (Olson, 1989). Human carotene 
absorption varies from 1% to 88% from a variety of yellow and green vegetables. The 13- 
carotene in a food is only one-third absorbed and only one-half converted to retinol, 
giving a factor of one-sixth for overall utilization (Bieri and McKenna, 1981). An 
adequate intake of dietary vitamin A is essential for vision, and for normal development 
of the epithelium and of bone. Evidence also implicates vitamin A in antibody production 
(Omaye, 1984). An early sign of vitamin A deficiency is night blindness, the lengthening 
of the time required for the eyesight to adapt from light conditions to dark conditions. 
It is caused by an insufficient amount of visual purple in the retina. Another sign of
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vitamin A deficiency is where the epithelial cells of the skin and mucous membranes 
lining the respiratory, gastrointestinal and urinogenital tracts cease to differentiate, and 
therefore loose their secretory function. Xerophthalmia refers to the keratinization of the 
conjunctiva, which ultimately becomes keratomalacia, which if not treated leads to 
permanent blindness. It is mainly confined to young children, and is considered the most 
serious vitamin deficiency disease in the world today (Passmore and Eastwood, 1986). 
The deficiency does not usually occur in isolation. Reduced protein intake dramatically 
diminishes the intestinal conversion of carotenoids to retinol. Furthermore, carotenoids 
are poorly absorbed when the diet is low in fat (McLaren, 1967). On the other hand 
however, vitamin A may be used to reduce morbidity and mortality in measles (Gregory 
and Klein, 1990)
The provitamin A activity of the plant pigment, B-carotene, was demonstrated by 
Moore in 1930, (Ball, 1988). The RDA for vitamin A for 1 to 3 year old babies is 
400|ig RE where IRE = l|ig  Retinol or 6|ig of B-carotene (NRC, 1989). Almost all 
animal species are able to enzymatically convert certain plant carotenoids into vitamin A. 
A condition necessary for provitamin A activity of a carotenoid precursor is at least one 
unsubstituted B-ring and the unchanged side chain. B-Carotene with two B-rings is the 
provitamin A with the most activity. All other provitamin A carotenoids have the intact 
B-ring at only one end of the molecule. Cis-isomers have lower potency than trans­
isomers (Gross, 1991). Vitamin A2 is 3-dehydroretinol and has about half of the vitamin 
activity of retinol. Carotenoids possessing a 3,4-dehydro-B-ring act as provitamin A2, as 
found by Gross (1967).
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The main source of vitamin A in the diet of the rural communities in the 
developing countries is carotenoids obtained from vegetables, fruits, roots and tubers. 
Preformed vitamin A found in meat, liver, and eggs is frequently out of reach of the 
economically deprived. Many of these have abundant vegetation, which is a rich source 
of carotenoids, so there should be no vitamin A deficiency problem. This is, however, not 
the case. The deficiency is made worse by low vegetable consumption among children. 
11-Carotene serves as an important nutritional component of foods, and it provides pleasant 
yellow-orange colors to foods (Francis, 1969; Simpson and Chichester, 1981; Klaui and 
Bauemfeind, 1981). Recent interest concerning dietary JJ-carotene has been encouraged 
by studies implicating the ingestion of foods containing carotenes with decreased 
incidence of certain cancers (Peto et al., 1981; Menkes et al., 1986).
Carotenoids in Sweetpotatoes
The yellow sweetpotato has between 1500-4000 pg/lOOg of provitamin A 
carotenoids and preformed vitamin A (Bauemfiend, 1986). Almeida and Penteado (1988) 
reported that white fleshed raw sweetpotato has 67pg/100g of provitamin A carotenoids. 
Passmore and Eastwood (1986) reported 50pg/100g retinol equivalent in white fleshed 
sweetpotato. The utilization of provitamin A carotenoids from sweetpotato are influenced 
by the nature of the carotenoids present. The type and level of fibrous compounds in the 
sweetpotato itself and the adequacy of their dietary factors also affect utilization of 
provitamin A carotenoids. There has been little research on the bioavailability of 
carotenoids from sweetpotato (Woolfe, 1992). When fed to rats, two cultivars were not 
significantly different from each other, but significantly lower than pure 13-carotene (Tsou,
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1986). The average absorbed carotene as the proportion of intakes from cooked mashed 
sweetpotato were found to be 28% in six children (Moschette, 1955) and 54% in eight 
adults (James and Hollinger, 1954) which supplied 3.5mg beta carotene/day in otherwise 
adequate diets. These studies were done with subjects in developed countries. In tropical 
areas like Uganda where diets may be deficient in lipids and/or protein and high in fibre, 
the absorption of carotenoids from sweetpotato may be lower than those in developed 
countries.
Canning sweetpotatoes was found to cause a loss of 40% of the carotene content 
(Elkins, 1979), whereas other studies found that the total carotenoid content did not 
change significantly after canning (Lanier and Sistrunk, 1979; Reddy and Sistrunk, 1980). 
Notably, the effects of canning were not the destruction of the crude carotene content of 
sweetpotatoes (10%) but the induced isomerization (Panalakas and Murray, 1970). All 
trans-B-carotene underwent a loss of 40%, whereas neo-B-carotene B increased by 1600% 
and neo-B-carotene U increased by 300%. The carotenoid stereoisomerization in 
sweetpotatoes as affected by rotating and still retort canning processes was studied by Lee 
and Ammerman, (1974). Maximum retention of all-trans-B-carotene was in canned roots 
receiving the 116°C still and 127° C and 132° C agitating processes. Neo-B-carotene U 
was not significantly affected by the heat processes. The same retention of total B- 
carotene (89%) as reported earlier was found recently in sweetpotatoes (Chandler and 
Schwartz, 1988). The cis-isomers found in canned samples were mostly 13-cis-B-carotene 
(14.5%) along with 9-cis-B-carotene (2.7%), the later being detected uniquely in canned 
samples at appreciable levels. The color intensity of the food may be considered a
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reliable indication of vitamin A value. Thus, it is appropriate to apply color difference 
meter measurements, especially the a value, for rapid estimation of carotenoid content 
(Lauber et al., 1967; Takahata, 1993; Camire et al., 1994; McGuire, 1992). The 
advantages of this method are its rapidity and the combination of quantitative and 
descriptive evaluation of the color in a single determination. It has been used with 
several food products (Kramer, 1954; Worthington, 1954). Ahmed and Scott (1962) 
published correlation coefficients showing a high degree of association between Hunter 
"a" and carotenoid content of raw roots and processed samples from a series of breeding 
lines of sweetpotatoes. Hunter color parameters did not show any change for transversal 
cuts in the root (proximal, median, and distal) (Almeida et al., 1992). Cooking, however, 
resulted in significant decreases in the parameters L(lightness) and +a(red) and an increase 
of -a (green) parameters. The b parameter (yellow) decreased due to cooking in the case 
of some lines. In white fleshed sweetpotatoes, 10 minutes cooking produced a 26% loss 
of B-carotene and a 56% loss of B-carotene 5,6-epoxide which corresponds to a decrease 
of vitamin A value of 11.1 to 7.9 RE/(100g) (Almeida and Penteado, 1988). Five 
carotenoids were found to be present in spinach by Ramos et al., (1993), the only 
provitamin A being B-carotene, accounting for 28% of total carotenoid content. Losses 
on dehydration and lyophilization were found not to be considerable. B-Carotene 
decreased by 12% and violaxanthin, lutein, and zeaxanthin did not change significantly 
in both drying processes.
Carotenoids in white fleshed sweetpotato cultivars were studied by Martin (1983) 
and Almeida and Penteado (1988). They identified the carotenoids in 15 white fleshed
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sweetpotato cultivars grown in Puerto Rico as phytofluene, zeta carotene, neurosporene, 
B-zeacarotene and B-carotene. B-Carotene was the main carotenoid in six cultivars, B- 
zeacarotene in seven cultivars, and neurosporene in two cultivars. They associated the 
green color of the cooked sweetpotatoes to an epoxide of these carotenoids. The 
carotenoid distributions in the Brazilian white sweetpotatoes investigated by Almeida and 
Penteado (1988), had the following: luteochrome (43%), B-Carotene 5,6 5',-diepoxide 
(25.6%), B-carotene (13.5%), B-carotene 5,6-diepoxide (5.6%), zeta-carotene (4.9%), a- 
zeacarotene (4.3%), and neurosporene (2.9%). Although loosely called "white-fleshed", 
these vary from white to cream, light yellow, or light orange. Cooking almost invariably 
intensifies the color. The cooked root may be white, gray, greenish, yellowish, yellow, 
or orange. Whitefleshed sweetpotatoes is usually preferred as a food in the tropics, 
because it does not have a carrot-like sweet flavor (Martin, 1983).
Chandler and Schwartz, (1988), Sweeny and Marsh, (1971) found that carotene 
content was altered by processing of sweetpotatoes. The change in B-carotene was 
dependent on treatment employed: blanching (4.0-11.9% increase), lye peeling and 
pureeing (10.4% increase), steam injection (8% loss), canning (19.7% loss), dehydration 
(20.5% loss), microwaving (22.7% loss), and baking (31.3% loss). They attributed 
increase in carotene to an enhanced extraction efficiency of heat treated samples. Heat 
processing induced the formation of 13-ris-B-carotene isomer, and the quantity formed 
was related to the severity and length of heat treatment. Granado et al., (1992), reported 
that boiling did not alter the carotenoid profile of the vegetables but amounts of 
carotenoids were higher when compared to those in the raw samples.
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Carotenoids were found not to be destroyed during drum drying of sweetpotato 
puree to a moisture content of 5% to 7% (Purcell, 1962). Dehydrated sweetpotatoes 
contained all-trans-R carotene (81%), neo-B-carotene B (12%), neo-B-carotene U (5.6%) 
(Panalakas and Murray, 1970). Chandler and Schwartz, (1988) found that 20.5% of the 
carotene was lost through oxidation, during drum drying, and the remaining carotene 
contained the highest amount of 13-ds-carotene (28.9%).
During storage, carotenoid changes showed all possible differences (increase, 
decreased, or no change) depending on the influencing factors, but in general the 
increasing trend predominated. Porto Rico and Yellow Jersey sweetpotatoes had a 
vitamin A value three times higher after 2 months of storage than at harvest (McLeod et 
al, 1935). In all cultivars investigated, the carotene and total carotenoid content increased 
during curing at 29.4°C and storage at 15.6°C. The rate of increase varied widely with 
cultivar.
A normal serving of yellow or orange flesh sweetpotato (150 g) often contains 
several times more vitamin A activity than the recommended daily allowance. For 
example, the dry-fleshed Jersey cultivar contains about 12,500 units (Adams, 1975). The 
B-carotene content of Porto Rico varies from 3.16 to 7.01 mg/100 g (wet weight basis) 
(Kimbrough, 1946). Newly developed varieties contain even more B-carotene.
Apios americana, A Rediscovered Food
Apios americana has been suggested as a plant that offers tremendous potential 
for domestication as a food source (Blackmon and Reynolds, 1986). Its sweet, starchy 
tubers were once highly esteemed by the native Americans (Beardsley, 1939). In spite
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of the importance of this plant for the North American Indians and early settlers from 
Europe, the composition and nutritive quality of its seeds and tubers have not been 
reported until recently. Reports on the presence of carotenoids in Apios do not exist 
anywhere. Researchers have reported a high crude protein content (17% dry weight) of 
the tubers (Yanowsky and Kingsbury, 1938; Sanchez and Duke, 1984; Wilson, et al.,
1987).
Overall Objectives
Assays of protein quality such as PER and NPR are functions of both digestibility 
and the limiting amino acid in the food mixture as fed. The biological assays do not 
provide any information about the identity of the limiting amino acid. The results of a 
rat bioassay procedure are fundamentally determined by nutritional characteristics of the 
test species which may not necessarily reflect those of the human consumers. Knowledge 
of the amino acid content of proteins supplies information on the limiting amino acid and 
other amino acids.
For mixtures and complete diets, amino acid composition is used both indirectly 
to assess protein quality and directly to predict how well diets meet essential amino acid 
needs. Amino acid scoring has been discussed in several recent reviews and texts 
(Bodwell, Adkins and Hopkins, 1981; Hackler, 1977; Pellet, 1978; Pellet and Young, 
1980; Pellet, 1983) as well as in series of international reports (FAO 1957; FAO/WHO, 
1973; FAO/WHO/UNU, 1985). Two major factors make application of scoring more 
difficult: requirements of amino acids vary with age and physiological state; and the
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amino acid composition of a protein following hydrolysis does not necessarily indicate 
that the amino acids are all equally available to the consumer for protein synthesis.
Pellet and Mathew (1986) found that there was a high agreement between the 
biological and amino acid score using the FA 0 /WHQ/UNU (1985) pattern. They came 
to the conclusion that all mixtures would meet protein and amino acid needs if they were 
supplied at sufficient levels to meet food energy needs.
Specific Objectives
The first objective of this study was to determine the possibility of formulating a 
weaning baby food from white fleshed sweetpotatoes and Apios. The second objective 
was to determine effect of processing on carotenoid and protein content of the weaning 
food prepared with pigeon peas as a complementary source of protein. The following 
studies were carried out to arrive at an answer. Four cultivars of white fleshed 
sweetpotatoes of African origin and one variety of Apios were chosen. The sweetpotato 
cultivars were T3013, T1702, T3002, T3006 and Apios was LA 88-784-HA (Blackmon 
and Reynolds, 1994, personal communication). Pinkeye pigeon peas was chosen as the 
complementary protein source. Raw pigeon peas contains 80IU of vitamin A (USDA, 
1975).
MATERIALS
Sweetpotatoes (Ipomoea batatas. Lam) were obtained from The International 
Institute of Tropical Agriculture, Nigeria through the USDA-ARS Southern Regional 
Plant Introduction Station and Apios (Apios Americana) and pigeon peas (Cajunus cajan) 
were obtained from the germplasm at LSU. All sweetpotato, pigeon peas and Apios 
seedlings and varieties were grown at Hill Farm, Louisiana State University, Baton 
Rouge, LA. following common cultural practices. Four sweetpotato cultivars and one 
cultivar of Apios, ranging in flesh color from white to yellow were used for color, 
carotenoid, and protein content determination. This was for both raw samples, and for 
puree samples. After harvest the sweetpotatoes were cured at 30°C, 80-90% relative 
humidity and stored at 15°C, 80-90% relative humidity for 1-6 months until needed for 
the experiment. Apios tubers were stored in plastic bags at 5°C. Field dried pigeon peas 




The roots and tubers were handled in the same way. Sweetpotato roots and Apios 
tubers were sprayed with warm water to remove surface soil and lye peeled for 3-5 
minutes in a 15% sodium hydroxide solution at 80-90°C. They were rinsed in water to 
remove sodium hydroxide and coarsely chopped in a food cutter (Hobart Manufacturing 
Co, Troy, OH) to a 5-10mm particle diameter. Fifteen percent of the chopped portion 
was removed to be added back later as a source of enzyme for the conversion of starch. 
The remaining chopped material was cooked for 40 minutes in a steam jacketed kettle at 
90°C and ground through a comminuting mill, with a 5mm screen (Fitzpatrick Co., 
Chicago, Illinois) to form a puree. The chopped raw portion was added and the mixture 
held at 72-74°C for 20 minutes, after which the temperature was raised to 90°C to 
inactivate enzymes. The puree was milled using 0.8mm screen. Consistency was adjusted 
by adding water to achieve 6-8 Bostwick at 90°C. Cans (401 x 411) were filled with the 
puree and processed in a steam retort at 115°C for 100 minutes. The canned purees were 
stored under ambient conditions. Pigeon peas were boiled whole until soft, then mashed. 
The samples were dried in a freeze drier, because freeze drying does not destroy nutrients 
(The Virtis Co. Inc., Gardiner, New York), immediately prior to formulation, and because 
dried samples are required for diet formulation and are easier to feed to the test animals. 
All dried material was blended in a blender (Waring Blender Corp., Winsted, CT) to pass 





Carotenoid content of raw material was determined by extraction by the method 
of Bushway, (1986) with modifications. Samples were grated lengthwise on a cheese 
grater. Ten g of each sample was weighed into a homogenizer (Omni 17105, Omni 
International. Waterbury, CT). To this was added 20 g of anhydrous sodium sulfate, 1 g 
of magnesium carbonate, and 100 ml of stabilized terahydrofuran (THF). For the 
processed purees, lOg were weighed into the homogenizer with an ice jacket. Into the 
homogenizer were added anhydrous sodium sulfate, magnesium carbonate and stabilized 
THF. The samples were homogenized at a moderate speed for 5 minutes, then vacuum 
filtered through a Buchner funnel fitted with Whatman # 42 filter paper. The filtrate was 
then brought to a final volume of 500 ml. Since there were low levels of carotenoids in 
the samples, the whole 500ml of extract was evaporated to dryness at 40°C on a rotary 
evaporator (Buchi Laboratorimus-Technik AG, Flawil, Switzerland) and taken to a final 
volume of 10 ml with stabilized THF. The extracts were stored as recommended by 
Liaansen-Jensen (1971) in Teflon lined, brown bottles under nitrogen in a cold room at 
-20°C until needed for injection in the HPLC, for spectrophotometric and Hunter color 
analyses. The term carotenoid content as used refers to the THF soluble pigments 
exhibiting absorption at 450nm.
Spectroph otometry
Spectrophotometric analyses were done on the extracts using a scanning UV/VIS 
spectrophotometer (Lambda 4 UV/VIS Spectrophotometer, Perkin Elmer, Norwalk, CT) 
to determine the maximum absorption wavelength. Total carotenoids were then
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determined at the maximum wavelength of absorption, using standard curve, with 15- 
carotene as a standard. Stock solutions of a-carotene, 15-carotene and canthaxanthin were 
prepared from 25mg of each into 100ml low actinic volumetric flasks and bringing each 
to volume with THF. Four working standards were made by taking 1, 2, 3 and 4ml from 
each stock solution. Standards were stored at -20° C under nitrogen. A standard curve 
was prepared with the working solutions and the unknown were read against the standard. 
HPLC-Determination of Carotenoids
A rapid nonaqueous reverse phase HPLC method was used, modified from 
Bushway (1985). Conditions were column packing: C-18 5 p. Vydac 201TP54 column 
150mm x 4.6mm; isocratic, solvent: methanol-chloroform(90:10), flow rate lml/minute 
and 500PSI at ambient temperature (Quackenbush and Smallidge, 1986). The HPLC 
equipment consisted of a Waters Model 501 Solvent delivery system, a Model U6K 
injector, a Lambda-Max 481 LC Spectrophotometer, variable wavelength detector (Water 
Associates, Milford, MA). Visible detection was achieved at 450 nm (0.05AUFS). With 
this method, isomers of four carotenoids (15-carotene, a-carotene, and canthaxanthin) 
could be separated (Quakenbush, 1987). The following standards were used to determine 
retention time: J5-carotene, a-carotene, and canthaxanthin (Sigma, St Louis, Mo)
Fast Atom Bombardment (FAB) Mass Spectrometry (MS)
Positive-ion FAB mass spectra were obtained using TSQ70 (Finigan Mat, San 
Jose, Ca) double focusing mass spectrometer attached to an ICIS Data Systems (Schmitz 
et al., 1992). Collision in the first field-free region, and magnetic field (B) was scanned 
in a constant ratio to the electrostatic analyzer (E), ( B/E-linked scanning capability).
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Caesium fast atoms at 6kV were used for FAB ionization. The accelerating voltage was 
lOkeV, and the resolving power was 1000 for all measurements. A range of m/z 1-700 
was scanned in approximately 8 seconds for all mass spectrometric analyses. Sample 
fractions collected during HPLC analysis were extracted from the mobile phase using 
THF. The extracts were then concentrated for FAB-MS analysis under a stream of 
nitrogen. A stainless steel gun (Antek, Palo Alto, Ca) was used to introduce the samples 
into the caesium beam at 45° angle. A mixture of 3-nitrobenzoyl alcohol (NBA) and 
glycerol (80:20, v/v) was used as the static FAB matrix for analysis of the non-polar 
carotenoids in sweetpotatoes. Static FAB-MS analysis was carried out by applying IpL  
of extract containing at least 0.1 p. g of individual carotenoid to the probe tip.
Hunter Color Laboratory Measurements
Tristimulus instruments are designed to respond to spectral distributions of light 
in the same manner as the human eye. Duplication of the human eye response to light 
is accomplished by adjusting with filters the spectral responses of photodetectors so that 
they are spectrally equivalent to the International Commission on Illumination (CEE) 
(Hunter and Harold, 1987). A tristimulus instrument has in addition to source filter- 
photodetector combinations for standard observer simulation, a device that computes 
directly chromatic dimensions of color, such as "a", and "b", or "x" and "y". Such an 
instrument with direct readings of Rd, "a", "b", or "L", "a", "b" scales is called a 
tristimulus colorimeter. The "L" measures from black (0) to white (100), +b measures 
yellow, -b measures blue, +a is for red, while -a measures green colors (Appendix G).
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Seven roots, approximately 300g, of each sweetpotato cultivar and 20g Apios 
were selected, washed, hand peeled and cut transversely (discs) in the median region for 
color measurements (raw roots). Apios was measured on the peeled surface because it was 
very difficult to obtain thin strips. Ten gram disc samples were cooked for about 10 
minutes in 250 ml of boiling water for color determination.
Color was determined by the Hunter Color Laboratory Machine, Model XL-23 
Colorimeter, (Gardner Instruments, Gardner Laboratory Inc, Bethesda, MD), using White 
Standard Tile XL-23-168-C Normal Beam, angle 45°, opening 5cm, and LL = 92.94, aL 
= -0.89 and bL = 1.48 immediately, on the freshly cut transverse surface at the median 
portions of the root. The outside color was measured by placing the peeled central area 
of the unprocessed root on the color meter opening. Extracts were obtained from storage 
at -20°C for color determination.
Color and carotenoid content were determined on canned puree samples of 4 
sweetpotato varieties and one variety of Apios after storage for at least one month. Puree 
samples consisted of 7 readings in which color was evaluated as the average of duplicate 
samples from 7 cans from the same batch. Ten grams of the puree was placed in layer 
in the glass container and was sufficient to allow differences in meter readings due to the 
transmitted light. The hue angle was determined as tan'1 b/a (Little, 1975).
Protein Extraction
Proteins from white fleshed sweetpotatoes were extracted as described by Purcell 
et al (1978) and applied to Apios with the following modifications: approximately 60 kg 
of samples were washed as previously described at the beginning of this chapter and
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coarsely chopped. Fiber was removed by passing through 1.3mm screen (Bader,694; 
Bock, Toledo, OH) so that it would be easier to mix with water. Any material that did 
not pass through the 1.3mm screen was considered fiber. Equal parts of defibered sample 
were mixed with water except in the case of Apios where two parts of water were 
required. The water-sample mix were mixed in a Butcher Boy mixer (Bock, Toledo, OH) 
for 10 minutes.
The mixtures were then spun in a centrifuge (Bock, Toledo, OH) lined with cheese 
cloth mesh size (0.08mm) at 8Q0g for ten minutes or until all the extract was collected 
in plastic buckets. The extract (20L) was heated while stirring in a scraped surface steam 
kettle to 65±1°C. Upon addition of 0.1% calcium chloride, the chromoplast protein 
precipitated and was compacted in batches by centrifugation at 10,000xg for 10 minutes. 
Heating the supernatant to 95° C coagulated the white protein (Purcell et al., 1978). This 
was compacted for ten minutes in a centrifuge at 10,000xg. The protein pellets were 
purified by solvent extraction with ethanol, hexane-acetone (1:1), and ethyl ether. The 
resulting powders were dried in a forced air oven at 70° C overnight. The protein content 
in the extracted sweetpotatoes and Apios was determined by Kjeldahl method (AOAC, 
1985).
Hydrolysis Procedure for Quantifying Amino Acid Content
Approximately 200 mg of finely ground sample was placed in a 20 x 125 mm 
culture tube with Teflon lined screw cap (Spitz, 1973). Six Normal(N) HC1 was purged 
with nitrogen for 15 minutes. The culture tube was then flushed with nitrogen and 5 ml 
of 6 N HC1 was added. The sample was allowed to become thoroughly saturated in HC1,
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and the culture tube was flushed with nitrogen again. Ten ml of 6 N HC1 was further 
added to the culture tube and the tube was once again flushed with nitrogen. The sample 
was then hydrolyzed by heating for 22 hours at 110°C in forced air oven. Samples were 
cooled in a fume hood, then vortexed for approximately 30 seconds and filtered through 
a Whatman No. 42 filter paper to remove large particulate matter. Each sample was again 
filtered with 0.45 |im  disposable syringe filter into storage scintillation vials. Two ml of 
the aliquot was pipetted into a 12 x 75 mm test tube. This was evaporated to dryness on 
the Savant SpeedVac SVC 100 at 387xg and 533xg (Savant Instrument Inc, Farmingdale, 
NY). The dry sample was solubilized in 2 ml of Na-S (buffer; 95% water, 2% sodium 
citrate, 0.5% thiodiglycol, 0.1% Benzoic acid, 1% HC1, pH 2) (Beckman Palo Alto, Ca) 
that contained 0.1 pM Norluecine/ml(NLE). Further dilution of the sample was 
necessary, especially for the protein extracts. These were diluted 11:1 with Na-S. The 
dilution was necessary to avoid exceeding the linear range of the analyzer. Five pi of 
the final sample was injected for analysis in the analyzer, (Beckman System 6300, High 
Performance Analyzer, Beckman Instruments, Palo Alto, Ca).
Hydrolysis for Determination of Sulfur Amino Acids
One hundred ml of performic acid was made by mixing 90ml formic acid to 10ml 
hydrogen peroxide( 30%). This was cooled in a freezer for at least 1 hr, and used the 
same day (Gehrke et al., 1985). Ten mg crude protein of the sample, was weighed into 
glass tubes with screw caps. Performic acid was added to the tubes held in an ice bath. 
These samples were placed on ice in a refrigerator overnight. The SpeedVac evaporator 
was brought to -92°C, and 1 ml 48% hydrobromic acid was added to samples under a
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hood. The tubes were swirled in the ice bath. After the initial reaction subsided, about 
30-40 minutes, the tubes were allowed to warm to room temperature. The samples were 
then evaporated at 307xg using a Savant SpeedVac SVC 100 (Savant Instruments Inc, 
Farmingdale, NY) (about 5-6 hours). They were then removed and 5ml of 6N HC1 added 
with 10% phenol, capped, and placed in 110°C oven for 22 hours.
The samples were removed from the oven, cooled to room temperature under a 
hood, and evaporated at 307xg using a Savant Speed Vac SVC (overnight). Samples 
were redissolved in 5 ml norleucine (NLE) buffer and spun at 850xg for 5 minutes, 
filtered through with 0 .45 p. 25 mm filter, and then frozen. Before analyses, samples were 
diluted 1:5 with NLE.
Alkaline Hydrolysis Method for the Determination of the Tryptophan Content
Nitrogen was used to deaerate 4.2 Normal(N) NaOH prior to hydrolysis. The 
samples were weighed between 0.1 to 0.2 g into a pollyallomer tube (Nalgene, Rochester, 
NY) to which was added 0.1 ml thiodiglycol as antioxidant. Ten ml of nitrogen- 
deaerated 4.2 Normal NaOH was pipetted into the tubes without mixing. One-tenth ml 
of octanol was added and airspace was purged with nitrogen for a minimum of 30 
seconds. Tubes were sealed with Teflon lined cap, and then mixed thoroughly on a mixer. 
Hydrolysis was accomplished by heating in a forced-air oven at 110°C for 20 hours. 
Tubes were then removed and cooled without opening. After additional cooling in an ice 
bath (4°C), 5.0 ml of citrate buffer (pH, 4.2) was pipetted into the tube in which a small 
stirring bar was placed and the pH was adjusted to 4.2 with cold 6 N HC1. The samples 
were then quantitatively transferred to a 50 ml volummetric flask and diluted to volume
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with pH 4.2 citrate buffer. The tube was capped and mixed thoroughly, allowed to settle, 
and approximately 5 ml was transferred to a high speed centrifuge tube and frozen. As 
needed, samples were then thawed and centrifuged at 4200xg for 1 hour and the 
supernatant was applied to the column of a HPLC analyzer with cation exchange resins 
and post column derivitization.
In Vitro Digestibility
In vitro protein digestibility was determined using the multi enzyme technique of 
Hsu et al., (1977). The multienzyme system consisted of trypsin, chymotrypsin and 
peptidase, (Sigma Chemical Co. St Louis, Mo). These were porcine intestinal peptidase 
(Grade HI), 100 units per gram powder; porcine pancreatic trypsin (Type IX), 14,900 
BAEE units per mg protein; and bovine pancreatic chymotrypsin (Type II), 46 units per 
g powder. The concentration of individual enzyme solutions were: trypsin, 1.6 mg/ml; 
chymotrypsin, 3.1 mg/ml; and peptidase, 1.3 mg/ml. The multi-enzyme solution was 
freshly prepared before each series of tests.
All samples were ground to pass through an 80 mesh screen. The multienzyme 
solution was maintained in an ice bath and adjusted to pH 8.0 with 0.1 N HC1 and/or 0.1 
N NaOH. Five ml of multi-enzyme solution was then added to 50ml of protein suspension 
which was being stirred at 37°C (Hsu et al., 1977). The pH drop was recorded 
automatically over 10 minute periods on an IBM computer connected to a recording pH 
meter. The in-vitro protein digestibility was calculated using the regression equation of 
Hsu et al., (1977): Y = 210.46 - 18.10X!, Where X, = pH at 10 minutes.
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Diet Formulation
Diets were formulated for 21 day old weanling rats as shown in Table 1, using 
processed and freeze dried puree, according to AOAC procedures (AOAC, 1985).
Casein, vitamin mix, mineral mix, choline chloride and Butylated hydroxy toluene 
(BHT) were obtained from United States Biochemical (Cleveland, OH). Com oil (Wesson 
brand), sucrose (Domino brand), and com starch (Rago brand) were obtained from a local 
grocery store. The amount of pigeon peas, sweetpotatoes and Apios in the weaning 
formula were calculated using recommended ratio of 60:40, root crop to legume seed 
(Mitzner, et al., 1984).
Computed Protein Efficiency Ratio (C-PER)
The Computed Protein Efficiency Ratio (C-PER) bioassay described by Hsu et al. 
(1978) to predict protein quality utilizes: a) the essential amino acid profile of the 
samples; b) the in vitro digestibility of the samples and; c) the in vitro digestibility of 
reference ANRC casein by the method of Hsu et al., (1977). The essential amino acids 
used in this assay were lysine, methionine plus cystine, threonine, isoleucine, leucine, 
valine, phenylalanine plus tyrosine and tryptophan. The computation procedure is 
described by Hsu et al., (1978).
Biological Determination of Protein Quality in Rat Diets
Sixty male weanling 21-day old Sprague-Dawley rats of the same origin (Harlan 
Sprague Dawley Houston, TX), prior diets, similar age and weight were randomly 
allocated to the six diets, 10 per group. The rats were housed individually in stainless 
steel wire bottom cages in a temperature (27°C) and humidity (50%) controlled laboratory
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with 12-hour light and dark schedule. For 3 days following procurement they were fed 
a basal diet with 20% casein and water for acclimation. Rats were fed experimental diets 
over a period of 28 days ad libitum and water was supplied ad libitum in clear glass 
bottles. Food intakes were recorded. Rats were weighed every two days. After 28 days 
they were anesthetized with ketamine and xylazine and blood drawn by cardiac puncture. 
Rats were then dissected and liver and heart weights were taken. Hematocrit was 
measured using the hematocrit tube centrifuge method (McGovern et al., 1955). 
Hemoglobin was measured in whole blood using Sigma kit number 525-A by a 
calorimetric method (AOAC, 1985). These measurements were carried out to determine 
whether there was any anemia in the rats fed the different diets.
Total protein was measured using Sigma kit number 541-2 by calorimetric method 
(Cannon et al., 1974). The protein efficiency ratio (PER) of each test protein was 
calculated from protein intake and weight gained (AOAC, 1985). Protein intake was 
determined from total food intake multiplied by the concentration of protein in the diets. 
Food efficiency which is an indication of how well the food was utilized by rats, was 
calculated from weight gain and total food intake.
Statistical Analyses
Regression analysis was done to determine the relationship between B-carotene and 
color values L, a, b, Hue and a/b (SAS Institute, Inc., Cary, NC, 1994). Analysis of 
variance of color values were computed by GLM and the difference between means was 
determined by Duncan's test.
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Table 1. Formulation of rat diets from the different sweetpotatoes (SP) and Apios with 
pigeon peas (PP) as a protein complement (g/kg).
Ingredient Casein Apios T1702 T3013 T3002 T3006










Sucrose 37.6% 376 178 143 103 192 160
Com Starch 37.6% 376 — — — — —
Com Oil 5% 50 50 50 50 50 50
Mineral Mix 3.5% 35 35 35 35 35 35
Vitamin Mix 1.0% 10 10 10 10 10 10
Choline Chloride 0.2% 2 2 2 2 2 2
BHT 0.015% 0.045 0.0075 0.0075 0.0075 0.0075 0.0075
Mineral mix: Calcium phosphate, 500g; Sodium chloride, 74g; Potassium citrate 
monohydrate, 220g; Potassium sulfate, 52g; Magnesium oxide, 24g; Magnous carbonate, 
3.5g; Ferric citrate, 6g; Zinc carbonate 1.6g; Cupric Carbonate, 0.3g; Potassium Iodate, 
0.0 lg; Sodium Selenite, 0.0 lg; Chromium Potassium sulfate, 0.55g each per kg of 
mixture.
Vitamin mix: Thiamine hydrochloride, 600mg; Riboflavin, 600mg; Pyridoxine 
hydrochloride 700mg; Nicotinic acid, 3g; Calcium pantothenate, 1.6g; Folic acid,200mg; 
Biotin, 20mg; Vitamin B12, lmg; Vitamin A, 1.6g; Vitamin E, 20mg; Vitamin D3, 
250mg; Vitamin K, 5mg. each per kg of mixture.
Pigeon peas contains 8RE of vitamin A, Com Oil contains Trace amounts of vitamin A.
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Analysis of variance of the results of digestibility obtained from different cultivars 
were computed by general linear model (GLM) procedure using The Statistical Analysis 
System (SAS Institute, Inc., Cary, NC, 1994). The difference between the means were 
determined by Duncan's test.
One-way analysis of variance was carried out using SAS (SAS Institute, Inc. Cary, 
NC, 1994) to determine protein quality between the different diets. Means were 
compared using Duncan's and Dunnett's Tests (SAS Institute, Inc. Cary, NC, 1994). 
Dunnett's test was done to compare each diet individually against the control diet. This 
demonstrated the magnitude of differences of the test diets from the control diet. Data 
was checked for normality by univariate analysis, equality of variances by Fmax test, and 
independence by plotting group variances against group means. Means and standard 
deviations for each diet group were calculated for weight changes and food consumption.
RESULTS AND DISCUSSION 
Carotenoid Determination by Spectrophotometric Method
The maximum absorption was at 454nm and 428nm for cultivar T1702 and 453nm 
and 428nm for cultivar T3006 extracts, and the standard 15-carotene was at 458nm. The 
other sweetpotato cultivars and Apios did not produce distinguishable maximum 
absorption wavelength when scanned. The absorption peaks are shown in the Figures 1-5. 
The cultivar T1702 had the most distinctive peak. On processing there was a shift in the 
wavelength from 454nm to 428nm for cultivar T1702, and from 453nm to 428nm for 
cultivar T3006. The shift in a few nanometers may be due to a cis-trans mixture 
exhibiting a shift towards a shorter wavelength and is characteristic of cis-trans mixtures 
(Gross 1967, Schwartz and Patroni-Killman, 1985). The other sweetpotato cultivars, 
T3013 and T3002 and Apios did not show any change in the absorption maxima.
The total carotenoids in the sweetpotatoes and Apios were then analyzed for 
UV/VIS characteristics in comparison to a J)-carotene standard at 450nm to determine the 
approximate total carotenoid content in the extracts shown in Table 2. The total 
carotenoid contents varied from 0 to 260|ig/100g in the raw extracts and from 20 to 
190 M-g/100 in the processed samples. This is equivalent to 0-43.3RE for raw 
sweetpotatoes and 3.3 to 26.6RE in the processed samples (Table 2). There was a change 
in total crude carotenoid on pureeing. There was a decrease of 62% for cultivar T1702, 
a decrease of 75% for T3006, and an increase of 800% for T3002. This is probably some 
other pigment and not carotenoids. There was a decrease of 59% for T3013 and a 
decrease of 73% for Apios (Table 2). The other cultivars did not give a maximum 




Table 2. Absorption wavelength and total carotenoids in sweetpotatoes and Apios.
Total carotenoid content (fwb) Pg/lOOg
Samples Treatment Range Mean Distinct Peak nm
T1702 Raw 220-260 249.14±17.04a 428, 454
Puree 90-190 157.14±68.18b 428
T3006 Raw 90-240 144.87±48.15b 428, 453
Puree 70-120 93.33 ± 15.98c 428
T3002 Raw 0-20 6.42±10.25f —
Puree 40-250 91.57±80.82c‘k
T3013 Raw 30-50 43.14±10.30d -----------
Puree 20-50 24.57 ±10.09f -----------
Apios Raw 10-40 21.48±17.62f -----------
Puree 20-50 31.42±13.55e -----------
Numbers with the same letters are not significantly different at p<0.05 
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HPLC Determination of Carotenoids in Sweetpotatoes and Apios
The reversed-phase HPLC separation of the carotenoids was possible using their 
retention times with the eluent being monitored at 450nm. Jl-Carotene was the most 
abundant in two sweetpotato cultivars and none was detected in Apios and the two other 
cultivars. The others were a-carotene, canthaxanthin and an unidentified peak. They were 
present in cultivars T1702 and T3006 only. The other cultivars, T3013 and T3002, did 
not show the presence of carotenoid detection on the reversed-phase HPLC run even 
though some carotenoids were detected by the total carotenoid extraction method. The 
results of Apios were similar. Processing appears not to alter the profile of the 
carotenoids, but to decrease the overall amount of carotenoids as compared to the raw 
samples, similar to Granado et al., (1992). The carotenoids were able to elute under ten 
minutes making this a quick method. Figures 6-11 depict the chromatograms for the 
standard and the raw and puree extracts of the sweetpotatoes and Apios obtained for 
carotenod analysis. Individual carotenoid contents are in Table 3. fi-Carotene content 
ranged from 5.83 to 146|ig/100g (fwb) in the raw sweetpotatoes. Cultivar T1702 had the 
highest value with a mean of 104|ig/100g on fresh weight basis, and T3006 had a mean 
of 21|ig/100g. On processing into puree, there was a decrease in a-carotene to between 
2 to 34|ig/100g. T1702 had a mean of 11.4pg/100g and T3006 had a mean of 5|ig/100g. 
The reduction or loss of carotenoids may be due to isomerization of carotenoids to 
isomers with different maximum wavelength. Recent data using HPLC techniques have 
demonstrated large variation in carotenoid concentrations (Singh et al., 1988; Tee, 1992; 
Bureau et al., 1986). This may be due to the variety of sweetpotato studied as these
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potatoes are known to vary considerably in color. Many studies have been done to 
determine carotenoid contents of vegetables to find out whether cooking or processing has 
any effect on the pro-vitamin A activity of the carotenoids. Chen et al., (1993), reported 
a decrease in the content of epoxy containing carotenoids along with an increase in 
heating times in sweetpotato leaves. They used microwave for heating the sweetpotato 
leaves. Chen et al., (1993) examined by HPLC the pro-vitamin A contents of vegetables 
grown in Taiwan.
The level of pro-vitamin A compounds, B-cryptothanthin, a-carotene, and 11- 
carotene ranged from 0-68, 0-27.7 and 0.6-104.9 p.g/g respectively. The highest B- 
carotene was found in basil, carrots and sweetpotato. Granaldo et al., (1992), studied 18 
fresh vegetables by use of HPLC. The vegetables were categorized as green, red-orange, 
or yellowish-white vegetables. They found B-carotene and lutein to be present in all the 
vegetables. Lutein predominated in green and yellowish-white vegetables over B-carotene. 
Red-oranges vegetables showed a wider carotenoid profile, in which the lutein levels were 
surpassed by other carotenoids. Unlike other researchers, they found that boiling did not 
alter the profile of the samples, but the amount of carotenoids were higher when 
compared to those in raw samples. Separation of pro-vitamin A compounds and other 
carotenoids, a-carotene, B-carotene, stereoisomer of B-carotene, T-carotene, B- 
cryptoxanthin, canthaxanthin and lycopene can be accomplished using an HPLC 
(Bushway, 1985). He separated sweetpotatoes into neo-B-carotene, B-carotene, and neo-B- 
carotene U. The baked sweetpotato contained, B-carotene, neo-B-carotene and neo-B- 
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Table 3. Quantitative values of carotenes in sweetpotatoes and Apios.
Carotenoid contents in pg/100g (fwb)
Samples Treatment 8-Carotene a-Carotene Canthaxanthin RE
Sweetpotatoes Range Mean Range Mean Range Mean Pg
T1702 Raw 78.25-146.0 104.99±22.15 5.62-11.15 6.21±0.15 5.76-20.4 15.14±0.15 19.1
Puree 4.40-17.13 11.44 ±4.09 ND ND ND ND 1.90
T3006 Raw 5.83-34.03 21.62±8.96 ND ND 1-2.5 1.5±0.17 3.72
Puree 2.95-7.17 5.01 ±1.43 ND ND ND ND 0.83
T3002 Raw ND ND ND ND ND ND -
Puree ND ND ND ND ND ND -
T3013 Raw ND ND ND ND ND ND -
Puree ND ND ND ND ND ND -
Apios Raw ND ND ND ND ND ND -
Puree ND ND ND ND ND ND -
ND = Not Detectable, RE=Retinol Equivalent, |ig.
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predominant in all orange flesh cultivars. They did not, however, detect carotenoids in 
white flesh cultivars. Unlike the previous investigators, the present research found some 
cultivars (T1702 and T3006) of white flesh African sweetpotatoes contain B-carotene at 
rather low levels, ranging from 2.95pg/100g to 146pig/1 OOg of sample (fwb).
Fast Atom Bombardment Determination of Carotenoids
It was possible to identify three carotenoids in the sweetpotatoes based on their 
m/z ratio (Appendix E). A specific ion of interest formed during FAB ionization was 
selected by using a double-focusing mass spectrometer, fragmented by collision activation, 
and then analyzed via B/E-linked scanning to yield fragmentation data characteristic of 
the selected ion. B-Carotene had m/z of 537.8, a-carotene had 537.8 and canthaxanthin 
had 565.8. The unknown peak was most likely lutein with m/z of 577.8. Previous reports 
by Almeida and Penteado (1988) Man in (1983) had shown the presence of various 
carotenoids in white flesh sweet potatoes with B-carotene being the most abundant. In this 
study we have been able to identify and confirm the presence of at least three carotenoids, 
B-carotene, a-carotene and canthaxanthin
Hunter Color Tristimulus Meter Readings and the Carotenoid Content in Whiteflesh 
Sweetpotato and Apios cunericana
Analysis of the color values showed that there was a significant difference in the 
"L" (white) values (p<0.05) for the surface of hand peeled and uncooked sweetpotatoes 
and the middle region and surface region for Apios. The "L" (white) values for the middle 
region were higher than the surface values, implying that the surface is whiter than the 
middle portion (Table 4).
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The "a" (red) values were significantly different for all the cultivars for both the 
surface and the middle region. For cultivar T3002, the "a" (red) value for the surface was 
higher than that for the middle region; similar results were obtained for the "a" (red) 
values in T3013 and T3006. The "a" (red) values for T1702 for the middle region was 
higher than the surface "a" (red) value, implying that the middle portion was redder than 
the surface. Therefore, it probably has more carotenoids.
The "b" (yellow) values for surface and the middle region were not significantly 
different for cultivar T3002, were different for cultivars T3013 and T3006, and similar 
for cultivar T1702. Only surface value of Apios were analyzed because it did not fit on 
the meter surface of 5cm which other samples were being measured. It was too small, 
so the inside measurements were omitted. The color value changes may be due to 
changes in carotenoid concentration being different in content in the middle and outer 
regions.
Boiling for ten minutes affected the color values "L" (white), "a" (red), and "b" 
(yellow) for all the cultivars (Tables 5, 6, 7). The "L" (white) values decreased on 
boiling, but the decrease in Apios was not significantly different from the uncooked 
samples. The decrease could be due to changes in carotenoids, caramelization, oxidation, 
or phenol action during boiling. The other cultivars of sweetpotatoes still had significant 
differences between the "L" (white) values despite the general decrease in "L" (white) 
value. Lye peeling and processing to puree decreased the "L" (white) value for all the 
samples, implying that the samples became less white or darker on pureeing. This was 
probably due to oxidation, phenolic action or caramelization. The extracts both for puree
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Table 4. External and internal color values of cured sweetpotato and Apios.
Samples L b/a Tan_1b/a a b
T3002 Middle 85.1. 13.1 85.8 2-01hg 27.43*,
Surface 82.4ab 6.5 81.29 4.31, 28.15cd
Apios Surface 82.3ab 7.5 82.4 3.26fg 24.45de
Middle - - - - -
T3013 Middle 81.12* 7.79 82.69 3.55eg 27.68cd
Surface 74.3f 5.29 79.31 5.7* 30.2b
T1702 Middle 78.0cd 2.09 64.46 16.13. 33.76a
Surface 76.6ef 3.68 74.83 9.4b 34.68a
T3006 Middle 78.3 ld 2.91 71.06 7.58cd 22.1.
Surface 74.53h 3.81 75.31 8.75* 33.44ab
Figures in the same column with similar letters are not significantly different at p<0.05 
Middle=Inside portion, cut transversally. n=3
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and uncooked samples had decreased "L" (white) values. There was no difference 
(p<0.05) in the "L" (white) value between the processed and the uncooked extracts at 
p<0.05.
The "a" (red) value for T3002 and T3013 did not change on boiling. However for 
Apios, there was an increase and in the other cultivars T1702 and T3006. There was a 
decrease in the "a" (red) values. All the extracts had "-a" (green) values and there was 
no significant differences between them at p<0.05. The "a" (red) value for the puree also 
decreased, as compared to the unprocessed sweetpotatoes and Apios. The value for T3006 
was " -a" (green), meaning that on processing, the samples became less red and more 
green probably due to isomerization of carotenoids, or complexing of carotenoids with 
proteins.
The "b" (yellow) value also changed on boiling for T3002. It remained the same 
for Apios, increased for T3013, increased for T3006, and for T1702 it decreased. The 
extracts all had "-b" (blue) values meaning the extracts were more blue, probably due to 
complexing with proteins by the carotenoids (Bauernfiend, 1972). Puree values for "b" 
(yellow) increased for T3002 and decreased for T3013, T1702 T3006 and Apios. Thus 
pureeing makes the sweetpotato less yellow, probably due to caramelization or carotenoid 
loss.
Hue angle of the middle region for cultivars T3002 and T3013 had a higher value 
than the surface region. For cultivars T1702 and T3006, the hue angle for the middle 
region was less than the surface area.
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Table 5. Color values for boiled, puree and extracts from puree and raw sweetpotatoes
and Apios.
Samples Treatment n L b/a Tan_1b/a a b
T3002 Boiled 3 76.8ef 13.0 5.62 2.13hg 27.84cd
Puree 5 36.7; 2.86 70.7 4.36eg 12.48f
ExtractP* 7 32.6j 2.86 70.74 -1.2; -2.5jk
ExtractR* 7 31.58j 2.08 64.35 -1.71; -5.69jk
Apios Boiled 3 81.9* 7.01 81.88 3-9eg 27.35*,
ExtractR 7 32.07jk 0.8 38.89 -1.81; -1.46jk
ExtractP 4 30.08jk 12.0 85.25 -0.56* -6.78k
Puree 7 29.94jk 1.71 59.7 5.82*, 9.98fg
T3013 ExtractR 11 32.64jk 4.77 78.18 -1.31; -5.4jk
Boiled 3 71.1, 8.11 82.9 3.5eg 28.40*
ExtractP 7 30.2jk 3.96 75.8 -1.14; -4-52jk
Puree 7 33.7j; 2.21 65.71 5.59* 12.39f
T1702 Boiled 3 62.2h 5.11 78.93 6.2C 31.7ab
Puree 7 31.9jk 1.81 61.17 8-2* 14.9f
ExtractR 9 30.38jk -1.54 -57.0 -2.2; 3.7U
ExtractP 7 29.97jk 1.16 49.25 -1.43; -1.66jk
T3006 Boiled 3 63.61h 4.94 78.56 6.31* 31.2*
ExtractR 11 31.5jk 0.16 9.4 -2.14; -0.36jj
ExtractP 3 30.9jk 0.84 40 -1.79; -l-51jk
Puree 7 29.74k -6.1 -80.7 -2.16; 13.3f
Figures with the same letters in the same column are not significantly different at p<0.05 
ExtractP*=Puree Extract, ExtractR*=Raw Extract
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Table 6. Hunter Color reading for processed puree extract for sweetpotatoes and
corresponding P-carotene content.
Color values Carotenoid Content pg/100g(fwb)
Cultivar L a b b/a Hue* B-Carotene Total
Carotenoid
T1702 30.85 -1.33 -2.67 2.0 63 14.19 180
29.89 -1.41 -1.51 1.07 46 4.40 120
30.04 -1.14 -2.57 2.25 66 17.13 40
30.04 -1.14 -2.57 2.25 66 7.80 40
29.84 -1.46 -1.46 0.79 38 11.9 190
29.73 -1.48 -1.63 1.11 48 14.7 130
29.76 -1.75 -0.45 0.25 14 9.8 160
Mean 30.02 -1.38 -1.87 1.38 48 11.44 122.85
S.D 0.35 0.75 0.75 0.72 17 4.09 57.24
T3006 29.94 -1.38 -4.50 3.26 72 7.17 120
30.81 -1.29 -4.43 3.44 73 5.55 100
29.96 -1.39 -4.49 3.23 72 2.95 90
30.01 -0.37 -7.44 20.1 87 4.57 180
29.71 -0.94 -4.57 4.86 78 3.71 70
31.38 -1.74 -1.16 0.66 33 6.15 80
Mean 30.30 -1.18 -4.43 5.92 69 5.01 106
S.D 0.59 0.43 1.81 6.45 17 1.43 36.36
*Hue=Tan'1b/a
Table 7. Hunter color readings for raw extracts and the corresponding carotenoids.
Hg/100g(fwb)
Cultivar L a b b/a Hue B-Carotene Tot Carotenoids
T1702 27.92 -2.64 5.09 -1.95 -62.58 126.4 260
30.15 -2.59 4.19 -1.61 -58.15 146.0 220
31.25 -2.65 5.71 -2.15 -65.10 86.9 270
31.40 -2.82 3.50 -1.24 -51.13 103.9 240
30.09 -2.44 5.43 -2.25 -65,8 89.15 240
31.24 -2.85 6.19 -2.17 -65.27 78.25 230
30.23 -3.25 10.65 -3.27 -73.02 104.34 260
Mean 30.30 - 2.71 5.82 -2.09 -63.01 104.99 245.7
S.D 1.12 0.26 2.1 0.58 6.35 22.15 16.78
T3006 32.92 -2.45 -3.89 1.58 57.7 29.02 150
30.81 -2.43 -2.76 1.13 48.63 34.03 154
31.93 -2.46 -0.11 0.04 2.56 13.56 100
31.04 -2.07 1.42 -0.68 -34.4 5.83 90
31.20 -2.45 2.93 -1.19 -50.09 21.5 240
32.31 -2.12 -0.08 0.03 2.16 27.6 130
32.06 -2.05 -0.31 0.15 8.5 19.8 120
Mean 31.75 -2.29 -0.4 0.15 5.00 21.62 140
S.D 0.70 0.18 2.14 0.88 36.43 8.96 46.12
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On boiling the hue angle for cultivars T3002 and Apios did not change; the values for 
T3013 decreased and increased for T1702 and T3006. On pureeing, the hue angle for 
T3002, T3013, T1702, T3006 and Apios all decreased. The hue angle for the extracts for 
T3002, Apios, T3013, T1702 and T3006 all decreased, but the raw extract decreased more 
than the processed extract in Apios, T3002, T1702 and T3006, while the processed extract 
decreased more than the raw extract in T3013. The change in hue angle may be due to 
loss, oxidation, or isomerization of carotenoids, caramelization, or to enzyme action of 
carotenoids.
Relationship Between Color Values L, a, b, b/a and Tan 'b /a to 11-Carotene 
Concentration Obtained by HPLC
A regression study was carried out on the color values L, a, b, b/a and Tan''b/a 
to determine which color value could be used to express the content of B-carotene in 
"white flesh" sweetpotatoes. The values of B-carotene above 126 pg/lOOg for raw extracts 
and those above 16p.g/100g and below 4pg/100g for processed samples were omitted. 
They were excessively out of the regression relationship.
Correlation analyses were carried out to determine the strength of the linear 
relationship between the two variables, color value and B-carotene content, and the 
coefficient of determination was carried out to determine the proportion of variability 
between B-carotene and color values.
There was great variation in the r and r  values as shown in Table 8. Scatter 
diagrams with regression lines for raw and processed extracts are shown in Figures 12-16. 
The color value "b" (yellow) had the highest correlation coefficient of 0.74 ( p<0.05) 
showing that the relation between B-carotene and color value "b" (yellow) is linear,
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followed by "L" (white), with r = -0.74, which is also linear but negative. While value 
"a" (red) had r of 0.39, showing less association between the variables color value "a" 
(red) and carotene content, the coefficient of determination was best for the hue angle for 
raw extract at 0.14, showing that the variability in B-carotene content is a linear 
association at 14%. The hue values ranged from -0.38 to 0.19 for raw extract color 
values. The "b" (yellow) color value appears to be the best measure for correlation 
between color value and B-carotene concentration. It has a relatively high r value and a 
relatively high proportion of variability at 0.62. Other workers (Takahata, et al., 1993) 
found color value "a" (red) to be most appropriate for estimating B-carotene in orange and 
yellow flesh sweetpotatoes.
Protein Content, Amino Acid Content and Quality in Diets Prepared with White 
Flesh Sweetpotatoes and Apios
Apios had the highest protein content on a dry weight basis, and sweetpotato 
T3013 had the lowest value as shown in Table 9. There were no measurable changes in 
the protein content of sweetpotatoes and Apios with processing. This contrasts with 
earlier reports of protein changes during heat processing (Juritz, 1921). Reports by other 
researchers (Englyst et al., 1988; Watts et al., 1975) show that processing may not reduce 
protein content. The crude protein content in this study ranged from 4.3% to 7.7% (dwb) 
when unprocessed and from 6.26% to 8.18% for processed samples. This falls within the 
range of 1.3% to 10% (dwb) (Li, 1974; Purcell et al., 1972; Splittoesser, 1977; Picha, 
1985; Dickey et al., 1984).
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Table 8. Correlation coefficient and coefficient of determination for color values 
and B-carotene from the HPLC in raw and puree extract.
n Treatment Color value r r2
11 Raw L -0.74 0.54
9 Puree L -0.45 0.19
11 Raw a 0.39 0.15
9 Puree a 0.16 0.02
11 Raw b 0.74 0.54
9 Puree b 0.09 0.01
11 Raw b/a 0.24 0.05
9 Puree b/a 0.29 0.08
11 Raw Tan’1 b/a -0.38 0.14
9 Puree Tan'1 b/a 0.19 0.03
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Figure 12. Scatter diagram of 15-carotene from 
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Figure 13 Scatter diagram of B-carotene from
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Figure 14. Scatter diagram of 6-carotene from
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Figure 15. Scatter diagram of 6-carotene from
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Figure 16. Scatter diagram of 6-carotene from





























There was variation between the cultivars as reported earlierby Bradbury et al., 
(1985). Therefore, it means that since there is variation in protein content between 
cultivars, it is possible to breed for high protein in sweetpotatoes.
The protein content of the protein fractions were measured. The purpose was to 
find out which portion had more protein and therefore relevant for further use in the 
preparation of weaning food. White protein fractions had more than 40% protein, ranging 
from 43% up to 70% in cultivar T1702. The chromoplast fractions were a less 
concentrated protein source ranging from 9 to 35% (Table 10). The white portion 
therefore appears to be the portion with the highest percentage of protein. Walter and 
Catignani (1981) reported the protein fractions of white protein to be more than 90% and 
similar to casein protein. However, the chromoplast fraction had a less concentrated 
protein at more than 70%. Separated protein as concentrated by precipitation from heated 
calcium chloride solution has been shown to have nutritional value (Walter and Catignani, 
1981), and this study supports this suggestion. It is therefore possible such fractions 
could be used for feeding humans (Purcell et al., 1978)
Data on the biological evaluation of the diets is given in Table 11. The control 
casein diet was superior to all other diets. However, one sweetpotato variety (T1702) 
formula showed better PER, weight gain, and food efficiency than the other diets.
There was a significant difference (p<0.05) in the PER of the diets. After casein, 
sweetpotato T1702 was the next highest, while T3006 had the lowest PER. In food 
efficiency, casein was the most efficiently utilized, followed by T1702. The lowest 
utilized was T3006.
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The change in weight over the 28 day period is shown in Figure 17 where the 
casein fed rats gained weight faster than the rest of the rats. The rats fed T1702 were next 
fastest in weight gain after the casein fed rats. The protein intake and total food intake 
were significantly different between the diets, control diet being superior followed by 
T1702. Said and Hegsted (1970) reported PER values of 2.2 for sweetpotato (Centennial 
variety) flour (oven dried of the whole sweetpotato), 1.3 for drum dried flour and 2.0 for 
Jewel sweetpotato flour (oven dried) reflecting differences in essential amino acid levels 
(Walter and Catignani, 1981). These PER were also lower than those of sweetpotato 
isolated protein mirroring the lowered essential amino acid levels (Said and Hegsted, 
1970).
Weight gain of rats on the casein diet was the highest with sweetpotato T1702 fed 
rats gaining only as much as two thirds of the weight gained by the casein fed rats. The 
weight gain for casein fed rats was almost twice that for Apios and the other lower quality 
sweetpotato cultivars. Low PER is associated with low levels of essential amino acids. 
The pigeon peas supplement was expected to correct the amino acid deficit; however, the 
sweetpotatoes and Apios seem to be low in essential amino acids like sulfur amino acids 
(Wilson et al., 1987). For example, in cultivar T1702 only 55% of the control of 
methionine+ cystine was provided, but 73% of lysine in the control diet was supplied by 
the diet made of cultivar T1702. The PER for pigeon peas is 1.6 (Potter, 1986) and ranks 
higher than sweetpotatoes, but was unable to correct the essential amino acid deficit.
Table 9. Protein content of unprocessed and processed sweetpotatoes, Apios, pigeon peas and experimental rat diets.
DIETS RAW % MOISTURE PROCESSED % MOISTURE RAT DIET % MOISTURE
g/lOOg freeze dried samples
T3013 4.30±0.2d 6.0 4.26 ±0.2 lc 6.0 9.67 ±0.55a 4.9
T1702 6.54±0.37b 6.7 6.57±0.50b 5.4 9.76 ±0.51, 4.7
T3002 5.03 ±0.3 lc 6.2 6.20±0.26b 6.2 9.80±0.20a 4.8
T3006 5.13±0.45c 6.2 4.80±0.36c 5.9 9.47 ±0.3 l a 4.6
Apios 7.70±0.34a 3.9 8.23±0.28a 6.4 10.03 ±0.50a 5.1
Control
Diet
- - - - 9.33 ±0.45, 4.2
Pigeon
Peas
- - 25.7 ±0.26 - - 6.8
The values in the same column with the same letters are not significantly different at p<0.05. The values are means of triplicate 
readings.
Table 10. Protein fractions of white flesh sweetpotatoes and Apios.
Sample Unpeeled kg Defibered kg W Fraction kg C Fraction g Protein %C Protein %W
T1702 66.18 36.24 1.59 100 35 74
T3013 70.02 41.38 2.68 73 22 46
T3002 66.70 36.67 1.44 35 22 56
T3006 67.84 36.18 1.45 50 31 43
Apios 32.30 25.35 7.93 34 9 56
W= White protein, C=Chromoplast protein
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The pigeon peas were not able to raise the level of amino acids to that of the 
control diet (Table 17), probably because the amino acids in pigeon peas were not readily 
available. This study agrees with several others like that of Yang et al. (1975) and Yang 
(1982), where sweetpotatoes were included in the diet and dietary protein increased. 
Replacement of pre-cooked rice with pre-cooked sweetpotatoes enhanced the performance 
of rats in terms of growth rate, feed efficiency and protein efficiency ratio (PER) (Yang 
and Blackwell, 1966). In this study we found that the PER was raised when sweetpotato 
was added to pigeon peas. This study also agrees with that of Subrahymanyan et al. 
(1954) where sweetpotatoes replaced rice, and there was an improvement in growth in rats 
compared to those maintained exclusively on rice.
Biochemical measures of blood and liver and heart weights are given in Table 12. 
Considering the protein content of serum, there was no difference between casein control 
diet and T1702. Liver weights reflected differences in body weights with casein being 
highest followed by T3013, though it had a lower PER, Food Efficiency and lower weight 
gain than T1702 (p<0.05). This shows that rats fed sweetpotato variety T1702 formula 
with pigeon peas performed better than the other cultivars, but not as well as those fed 
on casein, though there is a difference in liver weights between T1702 and T3013. 
However, some of the sweetpotato cultivars and Apios did have much lower serum protein 
values confirming the poor quality of these protein sources. Apios and sweetpotato T3006 
performed most poorly.
Table 11. Comparison of protein efficiency ratio, food efficiency, total weight gain, total food intake and protein intake,









Apios 1.61±0.14cd 0.17±0.01cd 31.80±4.6de 185.0±17.3cd 18.51 ±1.7* 77.4e
Casein 2.5 ±0.2a 0.26±0.02a 69.0±11.9a 259.3 ±28.2a 25.9 ±2.8, 115.2,
T1702 1.92+0.24b 0.21±0.02b 45.6±7.13b 218.2±22.5b 21.8 ±1.94b 90.7b
T3002 1.67±0.26cd 0.18 ±0.03^ 36.2±6.54cd 203.6 ±22.5^ 20.4 ±2.24,* B4.0d
T3006 1.53±0.19d 0.16±0.02d 29.0±3.86e 180.4±21.2d 18.08±2.1d 76.9e
T3013 1 ^ 0 .3 3 * 0.18 ±0.03,* 38.9±7.71c 205.6 ±16.5b 20.56 ±1.6b 86.7C
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Figure 17. Rat growth on formulated diets over a 28 day period
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The nutritive value of protein in raw seed and sweetpotatoes has been reported to 
be adversely affected by the presence of trypsin inhibitor and other growth inhibitors 
(Leiner, 1973, Lin et al., 1980). This however should not have affected the growth of the 
rats since the samples were all thoroughly cooked (Dickey et al., 1984).
There was no significant difference in hemoglobin and hematocrit values 
suggesting no anemia was present. However, casein values were not significantly higher 
for either of these parameters.
Amino Acid Profile of Sweetpotatoes and Apios
The essential amino acids from both unprocessed and processed (puree) samples 
are shown in Table 13. Processing appears to significantly lower amino acids (p<0.05) 
and reduces amino acid contents in the sweetpotatoes by different percentages in the 
different cultivars. Table 14 shows the non-essential amino acids. Processing appears 
to alter the amino acid profile in the same manner.
Tables 13 and 14 show that processing reduces lysine and cystine amounts in the 
sweetpotatoes and Apios, but did not appear to affect the other amino acids severely. 
Lysine was reduced in Apios by 20%, in cultivar T1702 by 49%, in T3002 by 38% and 
in T3006 by 47% and in T3013 by 18%. For cystine the reduction was by 52%, Apios 
12%, T1702 17%, T3002 52%, T3006 48.6%, and 19% in T3013. Processing appears to 
affect the different cultivars of sweetpotatoes differently. There was a significant 
difference between the amino acids in the different cultivars of sweetpotatoes and Apios 
at p<0.05. A wide range in amino acids was found in this study. This may be due to 
cultivar differences (Woolfe, 1992).
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Lysine content ranged from 3.35 in T3013 to 6.72 x 10'2mg/100mg in T1702. 
Lysine levels have been found to range from 13.7g/l 00 to 44.64g/100g (Yang et al., 1975; 
Purcell et al., 1972). This study agrees with those of Li (1982), Splittstoesser and Martin 
(1975), Dickey et al. (1984), where amino acids were found to vary from cultivar to 
cultivar. Some of the differences in amino acids among samples of sweetpotatoes could 
be due to variations in the true protein to NPN ratio.
Amino acid analysis of the protein showed that the white protein had a much 
greater percentage of some essential amino acids than did the chromoplast fraction (Table 
15 and 16). Both fractions contained less than the FAO/WHO (1973) reference protein. 
The chromoplast fraction is slightly deficient in lysine, while the white protein has a 
slightly higher percentage, but both are less than the FAO value. The white fraction had 
higher levels of amino acids for both the essential and nonessential amino acids as shown 
in Tables 15 and 16. Therefore the white fraction would provide a more appropriate 
protein for formulating a weaning food. On formulating the rat diets (Table 17) with 
added peas, there was a significant difference at p<0.05 between the cultivars, both for 
essential and non essential amino acids. This indicating that the protein quality differed 
between the sweetpotato cultivars. Only T1702 appears to have amino acid quality near 
to that of the control diet. Walter and Catignani (1981) found that sweetpotato fractions 
had a better sulfur amino acid complement than casein, although both sweetpotato fraction 
and casein contained less than the FAO/WHO (1973) reference protein. They found white 
fraction to be slightly deficient in lysine. Amino acid analyses indicated both protein 
fractions from "Jewel" and "Centennial" varieties to be of good nutritional quality. In this
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study we found that concentrating greatly increased the amount of essential amino acids 
for example methionine in unprocessed T1702 increased from 5.55 x 10‘2mg/100gm to 
104.7 x 10'2 mg/lOOmg. All the amino acids increased on concentrating. However, in this 
study, the white fraction had more amino acids than the chromoplast fraction.
Table 18 shows the requirements and required content of amino acid for 2-5 year 
old child and that of a laboratory rat with that of the diets prepared into weaning food. 
All the amino acids in the formulated diets were below the FAO standard. However, 
cultivar T1702 was the closest to the control diet. This showed that some cultivars of 
sweetpotatoes may be used to make weaning food. On assessing the quality of the 
sweetpotato and Apios protein by comparing with the reference protein (FAO/WHO 
1973), we found that when sulfur amino acids are considered limiting, the amino acid 
score range from 51% in the control diet to 26% in T3006, while T1702 had 35% and the 
mean was 34%. Considering lysine as limiting the amino acid score for control diet was 
52%, T1702 had 42%, and the rest were between 31% and Apios had 25%. This low 
amino acid score agrees with that of Bradbury et al., (1984) who found a mean chemical 
score of 65% (range 34-116%). The supplementation of protein may have to be raised to 
meet protein requirements.
In-Vitro Digestibility of the Formulated Diets and Computed-PER
The change in pH after adding the multienzyme system to an aqueous protein 
suspension at 37° C and adjusted to a pH 8.0 is shown in Figure 18. Carboxyl groups 
were formed which released hydronion ions that lowered the pH of the protein 
suspension.





Liver g# Heart g# Hematocrit % #
APIOS 2.35±1.41b 17.51+0.19a 3.98+0.40, 0.49 ±0.05^ 38.11±2.34a
CASEIN 4.35±2.37a 18.04±0.16a 5.28±1.19a 0.63±0.11a 40.8 ±2.54a
T1702 3.72±2.82ab 17.51 ±0.31a 4.82±0.88ab 0.54±0.06b 40.30 ±2.12a
T3002 2.84±0.29b 17.3 +0.29a 4.58+1.00abc 0.49 ±0.05^ 38.44 ±5.69a
T3006 2.20±1.45b 17.50±0.17a 4.44+0.48,* 0.47 ±0.04c 38.30±3.28a
T3013 2.35±l.CX)b 17.51 ±0.23a 4.99+0.5 lab 0.5110.04b, 39.72±3.58a
Values in the same column with the same letters are not significantly different at p<0.05. * The values are means of triplicate 
readings of ten rats.
#Values are means of ten rats.
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Table 13. Essential Amino acid analysis of protein from unprocessed and processed
sweetpotatoes and Apios.
Samples Thre Val Met Cys Iso Leu Tyr Phen Lys Tryp His Arg
ApiosP* 9.21, 9.12, 2.95k, 2.36rf 8.25, 14.25, 6.03, 9.35, 6.87b 2.16, 4.32, 4.56*d
ApiosR* 8.39b, 8.79b 2.39k, 4-87, 7.73,, 12.80b 5.68,b 8.74, 8.64, 1.97, 4.43, 5.55*
T1702P 3.97d 6.67d 5.35* 3-61bc 5.65, 8.58* 4-67,d 7-78,b 3-4 led 1-38* 2.52k, 4.13k,
T1702R 7.88,* 8.50b 5-55, 4.12, 6.68b 9.83, 5-68 ,b 8.91, 6.72b 1.63b 3.45b 6.65,
T3002P 7-26,* 7.75c 4-07^ 2-8 ld. 5.64, 8.48k, 4.67,d 7.05sb, 3.91k, 1.17a, 2.62k, 4.18k,
T3002R 6.16** 3-51, 3.84* 3.44k, 4.8 6d 7-89d, 4.07d 3.53, 6.37b L06d 2.69, 4.81*
T3006P 3.83d 4.5 l f 2.35k, 1.43, 2.92, 4-7 lg 2.31, 4.09b, 2.31„ 1.14k, 1.94, 3.34d
T3006R 5-29eM 5.50, 3.76* 2.94k, 4.46,, 6.66rf 3.04d 6-49,b. 4.40, 1-31* 2-37*, 4-40bK,
T3013P 4.82^ 4.58f 2.19, l-74f, 3.41, 5-5 lfg 2.75, 6-ll.bc 2.75 a 1.03d 2.08* 3.79*
T3013R 4.77k, 4.82, 2-7 1* 2.10d 3.60rf 5.55ft 2.88, 5-91,^ 3.35k, 129k, 2.11* 3.78k,
Numbers in the same column with the same letters are not significantly different at p<0.05. P*=Puree, R*=Unprocessed 
Thre=Threonine, Val=Valine, Met=Methionine, Cys=Cystine, Iso=Isoleucine, Leu= Leucine, Tyr^Tyrosine 
Phen=Phenylalanine, Lys=Lysine, Tryp=Tryptophan, His=Histidine, Arg=Arginine. mg/lOOmg of sample xlfr2
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Table 14. Non Essential amino acids of protein from unprocessed and processed
sweetpotatoes and Apios.
Samples Aspartic acid Serine Glutamic
acid
Glycine Alanine
ApiosP* 2-71 Mac 10.75a 18.7, 8.31. 7.22b
ApiosR* 2-40bdac 9.01b 15.90bac 7.10b 7-22b
T1702P 2.94ab 6.20de 14.69b,. 5.36cd 6.53b
T1702R 3.08a 9.27b 17.06ba 6.25* 9.53a
T3002P 2-73 bdac 6.38de 14.69* 5-15ced 6.98b
T3002R 2.00d 7.73c 14.01* 4.13fge 7.42b
T3006P 2-79bac 4-21, 10.74d 3.03g 3.90d
T3006R 2.33 bdc 7.22cd 14.53* 4.29fde 7.55b
T3013P 2-56bdac 4.87gf 14.06* 3.57fg 4.52cd
T3013R 2.18* 5.56ef 13.1 l cd 3.54fg 5.27c
Numbers in the same column with the same letters are not significantly different at 
p<0.05 R*=unprocessed, P*=puree. mg/lOOmg of sample. xlO'2
Table 15. Essential amino acid analysis of protein fraction from unprocessed sweetpotatoes and Apios.
Samples Thre Val Met Cys Iso Leu Tyr Phe Lys Tryp His Arg
T1702C* 23.43c 33.32,, 46.64* 29.59, 24.05, 37.67d 21.55, 28.26d 27.04d 9.30,,, 9.35, 24.86,
T1702W* 59.16, 63.93, 104.7, 70.15, 53.06, 72.13, 49.67, 64.61, 55.12, 12.74, 19.95, 51.85,
ApiosC 13.37, 14.96, 59.30, 6.87d 12.64, 21.79, 9.29, 12.75, 13.94, 2.79, 5.84, 9.86,
ApiosW 64.52, 58.52,, 41.57* 22.60, 43.84, 68.98, 35.65, 64.81a 41.60, 20.33, 23.73, 31.29d
T3002C 14.68d 28.45, 41.82* 23.38, 15.69|f 25.65, 13.26d 17-57, 19.36, 5-22df, 6.80, 17.85,
T3002W 43.90„ 49.89, e 72.28, 49.84, 39.81, 60.13, 38.02, 51.81, 39.44, 10.82* 16.4, 40.03,
T3006C 21.62c 24.68,g. 37.96d 23.17, 23.16, 37.02d 19.72, 25.32d 27.78d 9.06,* 9.59, 24.58,
T3006W 44.26, 45.00, 51.38, 51.86, 35.9 ld 47.58, 38.90, 51.44, 33.28, 8-7** 12.82d 37.27,,
T3013C 14.65d 19.55* 42.63* 24.24, 16.25f 26.16, 13.55d 17.63d 18.27, 4-82f, 6.92, 17.92,
T3013W 41.88, 40.29,, 72.72, 65.41, 34.36d 50.24, 35.20, 48.03, 34.42, 8.05*, 13.16d 35.02,
Numbers in the same column with the same letters are not significantly different at p<0.05 *C=Chromoplast protein,, *W=White protein 
Thre=Threonine, Val=Valine, Met=Methionine, Cys=Cystine, Iso=Isoleucine, Leu=Leucine, Tyr=Tyrosine, Phe=Phenylalanine, Lys=Lysine 
Tryp=Tryptophan, His=Histidine, Arg=Arginine. mg/lOOmg of sample. xlO2
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Table 16. Non-Essential amino acids analysis of protein fraction from unprocessed 
fraction from unprocessed sweetpotato and Apios.
Samples Aspartic Serine Glutamic Glycine Alanine
T1702C* 66.88d 20.5 l d 43.15d 2-65g 25.62,
T1702W* 160.3a 52.33b 87.31a 51.14a 63.68a
ApiosC 29.63f 12.81e 24.77f 12.37f 11.21f
ApiosW 111.2C 65.56a 84.11a 44.70b 52.12,
T3002C 47.18e 13.04, 34.67e 15.66f 17.l l t
T3002W 119.37c 40.06c 70.20b 38.96, 43.33,
T3006C 68.57d 18.90d 49.44d 21.93, 25.57,
T3006W 133.3b 43.33c 65.21^ 35.71dc 35.28d
T3013C 47.12e 12.73e 35.39e 15.79f 17.72f
T3013W 113.3C 40.59c 61.78, 34.22d 36.59d
Numbers in the same column with the same letters are not significantly different at 
p<0.05 *C=chromoplast protein,*W=white protein. mg/lOOmg of sample. xlO'2
The in vitro digestibility of ANRC reference casein was 92.63% (Table 19). The 
mean values of in vitro digestibility of the diets were not significantly different from the 
ANRC reference protein at P < 0.05. They were, however, high indicating that the 
processing may have destroyed the trypsin inhibitors (Hsu et al 1978). Computed 
Efficiency Ratio (C-PER) was calculated using the method of Hsu et al., (1977). This 
method is accomplished by using the essential amino acids and a reference casein along 
with their in-vitro digestibilities. The C-PER is shown in Table 19. They ranged from 
0.19 to 1.7, with a mean of 1.03. Some of the sweetpotato cultivars showed C-PER 
similar to that of white corn (1.4), soy isolate (1.3) and soy flour (1.3) (Hsu et al., 1978). 
The C-PER may not be appropriate for some cultivars like T3013 or T3006 because their 
values are below 0.67. The model was designed for samples having rat PER ranging from 
0.67 to 3.22 (Hsu et al., 1978).
Although the C-PER values were very low, they are still related to liver weight, 
heart weight, weight gain, total food intake. The lower the C-PER, the lower the liver 
weight, heart weight, weight gain, and the amount of food eaten. The only exception is 
cultivar T3013 where there was a low C-PER and PER, but the other factors were 
relatively high. C-PER has the following short comings: a) there is difficulty in
measuring the accuracy of the pH; b) correlation with in vivo data is poor; and c) finally 
complex statistical data manipulation is required (Kennedy et ah, 1989). The rather low 
values of C-PER could be due to the difficulty in measuring the pH, while the 
corresponding PER were relatively higher.
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Table 17. Amino acid analysis of the rat diets and pigeon peas.
Diets and Pigeon peas
Apios Control Peas T1702 T3002 T3006 T3013
Threonine 10.59c 13.12, H.38„ 13.16, 10.31* 8.52d 9.99*
Valine 10.94d 20.05, 12.18d, 15.49, 12.20* 11.52d 11.91d,
Methionine 7.00,, 21.70, 15.15,, 9.89* 8-12„ 6.73, 8.25*
Cystine 6.04c 5.31, 10.04, 5.73, 4.85, 4.14, 5.01,
Isoleucine 11.85*. 17.23, 13.56* 14.34, 11.15* 9.60, 10.89*
Leucine 19.52* 31.77, 25.48, 23.01* 19.86* 17.43, 20.22*
Tyrosine 8.57* 16.37, 9.89d, 11.08, 8.51* 7.04, 8.29*
Phenylalanine 14.70d, 16.81,, 16.97,, 19.38, 14.98* 12.95d 13.34*
Lysine 14.25, 26.25, 21.65, 19.90* 15.44* 13.86, 16.52*
Tryptophan 8.57* 16.37, 9.89d, 11.08, 8.51* 7.04, 8-29d,
Aspartic acid 36.90,, 29.60, 41.87, 49.19, 38.06* 32.15* 40.46,
Serine 10.47d, 12.81, 11.35,, 12.44, 9.52* 9.05* 10.43d,
Glutamic acid 32.75, 69.24, 52.72, 51.59, 38.77* 35.78* 43.76d,
Glycine 10.63d, 6.25, 12.19,, 12.66, 9-71* 8.51, 10.08*
Alanine H.17d, 10.05, 14.08, 16.47, 11.42* 10.14, 11.75d
Histidine 7.95d, 9.21b, 9.99, 9.59, 7.24d 6.50d 7.70d,
Arginine 16.20, 12.90d 21.91, 20.75, 16.06, 14.86* 16.96,
Numbers in the same row with the same letters are not significantly different at p<0.05 mg/lOOmg of 
sample .xlO2
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T1702D T3002D T3006D T3013D Apios
mg/g of protein
Isoleucine 28 42 24 21 14 13 11 17
Leucine 66 62 44 64 26 24 27 25
Lysine 58 58 37 30 20 19 22 18
M+C 25 50 29 20 17 15 19 17
P+T 63 66 46 46 22 25 29 15
Threonine 24 42 18 18 14 12 13 14
Tryptophan 11 12 3 4 3 3 4 3
Valine 35 50 28 16 16 16 16 14
Histidine 19 25 10 9 7 7 7 8
*FAO/WHO/UNU, 1985, # National Research Council, 1978. M+C=Methionine and Cystine, 
P+T=Phenylalanine and Tyrosine mg/g of protein
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The utilization of protein in the body depends on the degree of digestibility of 
protein. Digestibility of sweetpotato protein has been reported to be low (Tsou et al., 
1987). Low digestibility could be due to low digestibility of sweetpotato carbohydrate. 
In this study we found the digestibility of the sweetpotato protein to be significantly 
different form the ANRC reference casein (p<0.05). It may appear that some constituent 
of whole sweetpotato is capable of affecting protein digestibility. This is seen when 
humans eat a lot of sweetpotatoes, they produce a notably voluminous feces (Oomen, 
1970, Huang et ah, 1979)
Table 19. Digestibility of weaning food from sweetpotatoes and Apios.
Samples % Proteins 
in Diets
Final pH* Digestibility* % PER C-PER
T3013 9.67 ±0.55a 6.71 89.01a 1.78*0.33* 0.53
T1702 9.76±0.51a 6.62 90.64a l,92±0.24b 1.3
T3002 9.80±0.20a 6.62 80.83a 1.67±0.26cd 1.7
T3006 9.47 ±0.31, 6.83 86.83a 1.53±0.19d 0.58
Control 9.33±0.45a 6.56 91.72. 2.50±0.3a 2.5
Apios 10.03±0.50a 6.81 B7.19a 1.61 ±0.14cd 0.19
Peas 25.7 ±0.26 6.74 88.46a - -
ANRC** 88.75 6.5 92.63a - -
Numbers in the same column with the same letters are not significantly different at p<0.05 
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Figure 18. pH vs time curves for protein in rat diets using multi-enzyme system
CONCLUSION
Four cultivars of white flesh sweetpotatoes and one cultivar of Apios were studied 
for formulation into a weaning food. Attention was paid to carotenoids and amino acid 
profile, especially the sulfur amino acid and lysine. Carotenoids were found in two 
cultivars T1702, which had 104pg/100g of B-carotene, on a fresh weight basis. T3006 had 
21 pLg/lOOg of B-carotene. Processing drastically reduced the B-carotene in T1702 to 
llpg/100g and to 5pg/100g in T3006. Considering T1702, it supplied 11 p.g/1 OOg of B- 
carotene to diet. This is equivalent to 1.9RE. The sweetpotato, therefore, may be able to 
supply a portion of daily requirement of vitamin A when used in a weaning food (Table 
20) for a child eating to supply enough energy (1000kcal-1350kcal). Eating enough 
sweetpotatoes and peas for energy will supply only 3% recommended daily intake of 
vitamin A and 181% of protein. The requirements for infants, 1-10 year old children, 10- 
12 year olds, and adults is 350,400, 500, and 500-600 pg retinol equivalents, respectively, 
per day (FAO, 1988). The quantity of B-carotene needed to supply these recommended 
safe levels of intake from vegetable diets is 2100, 2400, 3000 and 3000-3600p.g/day. The 
white flesh sweetpotatoes in this study could be able to supply to a certain extent the 
daily requirement of vitamin A, about 3%, but should not be relied upon to supply 100% 
of the daily requirement. Protein deficiency affects vitamin A nutriture and in turn 
vitamin A deficiency also influences protein metabolism (IVACG 1977). Protein 
deficiency primarily affects the intestinal absorption, the release from the liver, and the 
blood transport of vitamin A. Protein deficiency may lead to a secondary deficiency of 
vitamin A. Vitamin A deficiency affects the metabolism of proteins by lowering the
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plasma levels of retinol-binding protein (RPB), impairing nitrogen balance, and decreasing 
the synthesis of protein. Children suffering from Protein Energy Malnutrition (PEM) 
almost always have low serum levels of vitamin A (Meija et al., 1984).
Regarding the relationships between the color values and 15-carotene, the 
correlation between the color values (L, a, b, b/a, and Tan^b/a) for unprocessed samples 
were -0.74, 0.39, 0.74, 0.24 and -0.38 respectively. The color value "b" (yellow) had the 
closest relationship to 13-carotene content. For the processed samples, the color values (L, 
a, b, b/a, Tan_1b/a) were -0.45, 0.16, 0.09, 0.29 and 0.19, respectively. An indication that 
processing drastically reduces the relationship between color value and 15-carotene content. 
On examining the surfaces and the middle portions of the sweetpotatoes for both cooked 
and uncooked samples, the color values were all significantly different (p<0.05). This 
study however shows that the 15-carotene in white flesh sweetpotatoes is related to color 
value "b" (yellow). Previous reports have shown 15-carotene in orange and yellow flesh 
sweetpotatoes to be related to color value "a" (red) (Takahata, 1993).
Protein content differed between the cultivars ranging from 4-8% on dry weight 
basis. On testing for quality biologically, T1702 had the highest PER of 1.92. There was 
a significant difference (p<0.05) between the PER of the different cultivars. Attempts to 
obtain protein fractions showed that the protein in the two fractions, white and 
chromoplast fractions, were different in content. The white fraction had more protein than 
the chromoplast fraction, ranging from 9-74%. Of the diets tested, the diet made from 
sweetpotato variety T1702 was the closest to casein diet.
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In Uganda, 2,040,000 metric ton of sweetpotatoes are produced annually (Ameny, 
1990). The population is 17 million, of which .05% (850,000) are below age 5. The child 
mortality rate is 99/1,000 (U.S. Department of State, 1991) and is mostly nutrition related. 
From the yield of sweetpotatoes, an estimate of the potential yield of protein from the 
crop can be obtained by taking mean dry matter content of 28% (Cooley, 1948) and mean 
crude protein of 6% (dry basis). The expected yield of protein is 34,272 metric tons. 
Using one half of this to make weaning food, enough protein may be supplied to 
preschool children. Taking amino acid score of 63 (Walter et al., 1984) for 
methionine/cystine, the protein requirement for a preschool child is 2.13g/kg/day, which 
is 27.69g/day for a 13 kg child. Therefore 17,136 metric tons of protein should be able 
to supply 850,000 Ugandan children for 728 days, approximately two years. It is therefore 
possible that weaning food for one to two year old children could be made from white 
fleshed sweetpotatoes, when formulated with an added protein source such as pigeon peas.
Therefore, other sources of vitamin A, like the leaves of sweetpotatoes, must be 
added in the weaning food formulation. The amino acid profile showed significant 
differences (p<0.05) between the amino acids both when unprocessed and processed. The 
sulfur amino acids were highest in both the unprocessed and processed samples. Only 
Apios had nearly as high values as T1702.
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Table 20. Comparison of B-carotene and protein supplied by weaning food and FAO
standards for a 2-3 year old.
Category Energy (kcal) Protein g B-carotene RE




FAO% 100 181 3
*Prepared from sweetpotatoes, cultivar T1702 265g and pigeon peas 125g
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Processing reduced all the amino acids, but reduced lysine much more. The protein 
fractions had higher amino acids than the nonextracted portions. The white fraction had 
higher amino acids in all cases. There was a significant difference (p<0.05) between the 
cultivars of sweetpotatoes.
The amino acid levels in the formulated diets were raised to a higher level by 
complementing with pigeon peas. The sulfur amino acids were raised to between 31 and 
60% of the control diet. There were still significant differences (p<0.05) between the 
amino acid percentages found in the different cultivars. The lysine level was also raised 
to between 50 to 73% of the control diet. The digestibility of the diets were relatively 
high, but significantly different from ANRC casein having a digestibility of 92% and the 
lowest being sweetpotato T30002 with 80%. Poor digestibility could be due to the fact 
that root and tuber starches are less digestible. They are considered inferior due to their 
effect on protein utilization when compared to cereal starches (Woolfe, 1992). It may 
also be due to trypsin inhibitors (Ryan, 1981). The trypsin inhibitors inhibit the action of 
the proteolytic enzyme on protein. They may, however, have been destroyed by heating. 
The formulated weaning food barely meet the FAO (1985) requirements of 2-5 year child 
for essential amino acids but meets the requirements for energy and protein.
It can be concluded that some white flesh sweetpotatoes may be able to supply 
some provitamin A requirements of the 1-3 year old babies and may also supply enough 
proteins where sweetpotatoes are a staple. Apios, however, does not do very well as a 
source of protein or B-carotene. It did, however, appear to have higher values for some 
essential amino acids like leucine, tyrosine, phenylalanine, valine, tryptophan and 
threonine, but not sulfur amino acids.
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APPENDIX A:
VISCOSITY, pH, AND BRIX OF THE PUREE
The results of the viscosity, pH and Brix of the puree are shown in (Appendix A). 
There was no significant difference between the pH of the sweetpotatoes except Apios had 
a higher pH (p<0.05). The viscosities were significantly different, which may or may not 
be related to the presence of more beta amylase a activity in some cultivars than in others 
(Sistrunk, 1954). The same reason may apply to the difference in Brix values.
Viscosity, pH, and Brix of the puree
Cultivar n pH Viscosity Brix
T1702 7 5.29c 13.75* 16.6.
T3006 7 5.37e 7.75c 15.4ab
T3013 7 5.38c 11.07* 13.55*
T3002 5 5.62b 17.35b 13.12c
Apios 7 7.09a 63.97a 4.92d
Figures in the same column with the same letters are not significantly different at p<0.05
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APPENDIX B:
AMINO ACID IN RAW AND PUREE SWEETPOTATOES AND APIOS mg/lOOmg
OF SAMPLE
Level of ------- ASP-------
GROUPS N Mean SD
APIOSP 2 0.27130000 0.01937473
APIOSR 2 0.24015000 0.01180868
T1702P 2 0.29455000 0.03047630
T1702R 2 0.30845000 0.03684026
T3002P 2 0.27325000 0.01039447
T3002R 2 0.20095000 0.00162635
T3006P 2 0.27915000 0.00643467
T3006R 2 0.23300000 0.01131371
T3013P 2 0.25605000 0.00487904
T3013R 2 0.21840000 0.07467048
Level of ------- t h r ------
GROUPS N Mean SD
APIOSP 2 0.09215000 0.00530330
APIOSR 2 0.08390000 0.00353553
T1702P 2 0.03970000 0.03860803
T1702R 2 0.07885000 0.00968736
T3002P 2 0.07265000 0.00275772
T3002R 2 0.06160000 0.00296985
T3006P 2 0.03830000 0.00113137
T3006R 2 0.05290000 0.00311127
T3013P 2 0.04820000 0.00070711
T3013R 2 0.04770000 0.00537401
Level of -------SER-------
GROUPS N Mean SD
APIOSP 2 0.10750000 0.00523259
APIOSR 2 0.09010000 0.00311127
T1702P 2 0.06200000 0.00622254
T1702R 2 0.09270000 0.01004092
T3002P 2 0.06380000 0.00296985
T3002R 2 0.07735000 0.00134350
T3006P 2 0.04210000 0.00141421
T3006R 2 0.07220000 0.00395980
T3013P 2 0.04875000 0.00049497
T3013R 2 0.05565000 0.00473762
110
I l l
Level of — --------- g l u -----
GROUPS N Mean SD
APIOSP 2 0.18775000 0.01223295
APIOSR 2 0.15900000 0.00692965
T1702P 2 0.14695000 0.01689985
T1702R 2 0.17060000 0.02093036
T3002P 2 0.14690000 0.00622254
T3002R 2 0.14015000 0.00247487
T3006P 2 0.10745000 0.01110158
T3006R 2 0.14535000 0.00784889
T3013P 2 0.14060000 0.00325269
T3013R 2 0.13115000 0.02722361
Level of --------- g l y ------
GROUPS N Mean SD
APIOSP 2 0.08310000 0.00749533
APIOSR 2 0.07100000 0.00311127
T1702P 2 0.05360000 0.00565685
T1702R 2 0.06255000 0.00728320
T3002P 2 0.05150000 0.00197990
T3002R 2 0.04135000 0.00742462
T3006P 2 0.03030000 0.00098995
T3006R 2 0.04290000 0.00212132
T3013P 2 0.03570000 0.00056569
T3013R 2 0.03540000 0.00410122
Level of ---------ALA------
GROUPS N Mean SD
APIOSP 2 0.07225000 0.00473762
APIOSR 2 0.07220000 0.00296985
T1702P 2 0.06530000 0.00707107
T1702R 2 0.09530000 0.01117229
T3002P 2 0.06985000 0.00261630
T3002R 2 0.07425000 0.00459619
T3006P 2 0.03905000 0.00134350
T3006R 2 0.07550000 0.00466690
T3013P 2 0.04520000 0.00098995
T3013R 2 0.05270000 0.00622254
Level of -------- VAL------
GROUPS N Mean SD
APIOSP 2 0.09120000 0.01004092
APIOSR 2 0.08795000 0.01294005
T1702P 2 0.06675000 0.00827315
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T1702R 2 0.08500000 0.01117229
T3002P 2 0.77540000 0.12063242
T3002R 2 0.03510000 0.03818377
T3006P 2 0.04510000 0.00254558
T3006R 2 0.05500000 0.00890955
T3013P 2 0.04580000 0.00410122
T3013R 2 0.04820000 0.00438406
Level of -------- il e -------
GROUPS N Mean SD
APIOSP 2 0.08255000 0.00516188
APIOSR 2 0.07380000 0.00282843
T1702P 2 0.05650000 0.00593970
T1702R 2 0.06680000 0.00777817
T3002P 2 0.05640000 0.00212132
T3002R 2 0.04865000 0.00219203
T3006P 2 0.02925000 0.00233345
T3006R 2 0.04460000 0.00282843
T3013P 2 0.03415000 0.00077782
T3013R 2 0.03605000 0.00134350
Level of --------l e u ------
GROUPS N Mean SD
APIOSP 2 0.14255000 0.00883883
APIOSR 2 0.12800000 0.00523259
T1702P 2 0.08580000 0.00890955
T1702R 2 0.09830000 0.01173797
T3002P 2 0.08480000 0.00339411
T3002R 2 0.07890000 0.00282843
T3006P 2 0.04715000 0.00261630
T3006R 2 0.06630000 0.00367696
T3013P 2 0.05510000 0.00084853
T3013R 2 0.05595000 0.00473762
Level of ___ ------TYR------
GROUPS N Mean SD
APIOSP 2 0.06035000 0.00388909
APIOSR 2 0.05205000 0.00233345
T1702P 2 0.04755000 0.00502046
T1702R 2 0.05685000 0.00784889
T3002P 2 0.04675000 0.00035355
T3002R 2 0.04070000 0.00070711
T3006P 2 0.02310000 0.00028284
T3006R 2 0.03045000 0.00021213
T3013P 2 0.02755000 0.00261630
T3013R 2 0.02885000 0.00346482
Level of _____ ----- PHE------
GROUPS N Mean SD
APIOSP 2 0.09355000 0.00586899
APIOSR 2 0.08745000 0.00318198
T1702P 2 0.07780000 0.00791960
T1702R 2 0.08910000 0.01131371
T3002P 2 0.07050000 0.00848528
T3002R 2 0.03535000 0.04419417
T3006P 2 0.04095000 0.01902117
T3006R 2 0.06490000 0.00593970
T3013P 2 0.06110000 0.00070711
T3013R 2 0.05910000 0.00834386
Level of ---- HIS-------
GROUPS N Mean SD
APIOSP 2 0.04325000 0.00403051
APIOSR 2 0.04435000 0.00162635
T1702P 2 0.02525000 0.00261630
T1702R 2 0.03450000 0.00395980
T3002P 2 0.02625000 0.00091924
T3002R 2 0.02695000 0.00106066
T3006P 2 0.01940000 0.00070711
T3006R 2 0.02375000 0.00190919
T3013P 2 0.02080000 0.00042426
T3013R 2 0.02110000 0.00169706
Level of .— l y s ------
GROUPS N Mean SD
APIOSP 2 0.06875000 0.00487904
APIOSR 2 0.08645000 0.00360624
T1702P 2 0.03410000 0.00480833
T1702R 2 0.06725000 0.00784889
T3002P 2 0.03915000 0.00233345
T3002R 2 0.06370000 0.01697056
T3006P 2 0.02310000 0.00070711
T3006R 2 0.04400000 0.00494975
T3013P 2 0.02755000 0.00007071
T3013R 2 0.03355000 0.00388909
Level of ----------a r g -----
GROUPS N Mean SD
APIOSP 2 0.04565000 0.00289914
APIOSR 2 0.05525000 0.00190919
T1702P 2 0.04130000 0.00381838
T1702R 2 0.06655000 0.01534422
T3002P 2 0.04185000 0.00219203
T3002R 2 0.04815000 0.00205061
T3006P 2 0.03340000 0.00098995
T3006R 2 0.04405000 0.00247487
T3013P 2 0.03790000 0.00084853
T3013R 2 0.03785000 0.00332340
Level of __--------- CYS------
GROUPS N Mean SD
APIOSP 2 0.02360000 0.00155563
APIOSR 2 0.04870000 0.00197990
T1702P 2 0.03615000 0.00813173
T1702R 2 0.04120000 0.00113137
T3002P 2 0.02815000 0.00106066
T3002R 2 0.03440000 0.00028284
T3006P 2 0.01430000 0.00226274
T3006R 2 0.02940000 0.00028284
T3013P 2 0.01740000 0.00070711
T3013R 2 0.02100000 0.00127279
Level of --------- M ET-—
GROUPS N Mean SD
APIOSP 2 0.02950000 0.00084853
APIOSR 2 0.02395000 0.00516188
T1702P 2 0.05355000 0.01011163
T1702R 2 0.05580000 0.00395980
T3002P 2 0.04075000 0.00162635
T3002R 2 0.03840000 0.00127279
T3006P 2 0.02350000 0.00282843
T3006R 2 0.03765000 0.00021213
T3013P 2 0.02195000 0.01491995
T3013R 2 0.02710000 0.00212132
Level of ---------t r y ------
GROUPS N Mean SD
APIOSP 2 0.02160000 0.00183848
APIOSR 2 0.01970000 0.00000000
T1702P 2 0.01380000 0.00183848
T1702R 2 0.01630000 0.00212132
T3002P 2 0.01175000 0.00134350
T3002R 2 0.01065000 0.00007071
T3006P 2 0.01145000 0.00106066
T3006R 2 0.01310000 0.00042426
T3013P 2 0.01030000 0.00070711
T3013R 2 0.01290000 0.00056569
APPENDIX C:
AMINO ACID IN PROTEIN FRACTIONS OF SWEETPOTATOES AND APIOS 
mg/lOOmg OF SAMPLE
Level of ------—ASP-----------
GROUPS N Mean SD
T1702C 2 1.9105000 0.06434672
T1702W 2 2.1495000 0.11667262
APIOS C 2 0.5363150 0.00261630
APIOSW 2 1.1700000 0.93338095
T3002C 2 2.0965000 0.11384419
T3002W 2 2.1235000 0.06576093
T3006C 2 2.1835000 0.00212132
T3006W 2 3.0625000 0.16051324
T3013C 2 2.1110000 0.12586501
T3013W 2 2.4420000 0.09192388
Level of ___ --------THR----------
GROUPS N Mean SD
T1702C 2 0.66955000 0.02566798
T1702W 2 0.79300000 0.05967981
APIOS C 2 0.23755000 0.00063640
APIOSW 2 6.68450000 0.43487067
T3002C 2 0.65240000 0.03577960
T3002W 2 0.78110000 0.02588011
T3006C 2 0.68830000 0.00608112
T3006W 2 1.01520000 0.05883128
T3013C 2 0.65715000 0.03839590
T3013W 2 0.90255000 0.01831407
Level of ------- SER-----------
GROUPS N Mean SD
T1702C 2 0.58610000 0.02078894
T1702W 2 0.70125000 0.08237794
APIOS C 2 0.22750000 0.00000000
APIOSW 2 6.90100000 0.42426407
T3002C 2 0.58000000 0.03394113
T3002W 2 0.71285000 0.02227386
T3006C 2 0.60185000 0.00813173
T3006W 2 0.99320000 0.05430580
T3013C 2 0.57080000 0.03040559
T3013W 2 0.87475000 0.03075914
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Level of --------GLU----------
GROUPS N Mean SD
T1702C 2 1.23285000 0.03556747
T1702W 2 1.17035000 0.08959043
APIOS C 2 0.44000000 0.00113137
APIOSW 2 8.85350000 0.58760574
T3002C 2 1.54100000 0.08909545
T3002W 2 1.24900000 0.04384062
T3006C 2 1.57445000 0.01039447
T3006W 2 1.49570000 0.08287291
T3013C 2 1.58715000 0.09609581
T3013W 2 1.33140000 0.03167838
Level of ------- g l y ----------
GROUPS N Mean SD
T1702C 2 0.07535000 0.01364716
T1702W 2 0.68650000 0.04044651
APIOS C 2 0.21965000 0.00021213
APIOSW 2 4.70450000 0.32314780
T3002C 2 0.69615000 0.03486036
T3002W 2 0.69320000 0.02489016
T3006C 2 0.69855000 0.00247487
T3006W 2 0.81910000 0.04624478
Level of ------- g l y -----------
GROUPS N Mean SD
T3013C 2 0.70825000 0.04023438
T3013W 2 0.73745000 0.00176777
T1702C 2 0.73190000 0.02672864
T1702W 2 0.85345000 0.04023438
APIOS C 2 0.19910000 0.00098995
APIOSW 2 5.54960000 0.34563379
T3002C 2 0.78975000 0.04150717
T3002W 2 0.77070000 0.02913280
T3006C 2 0.81445000 0.00247487
T3006W 2 0.80925000 0.04716402
T3013C 2 0.79455000 0.04815397
T3013W 2 0.78855000 0.00516188
Level of -------v a l -----------
GROUPS N Mean SD
T1702C 2 0.95210000 0.03295118
T1702W 2 0.85690000 0.01513209
APIOS C 2 0.26575000 0.03075914
APIOSW 2 6.15950000 0.57912045
T3002C 2 1.26440000 0.44816428
T3002W 2 0.88775000 0.00035355
T3006C 2 0.78605000 0.05607357
T3006W 2 1.03215000 0.02029396
T3013C 2 0.87685000 0.16199816
T3013W 2 0.86825000 0.09751003
Level of __ --------ILE-------------
GROUPS N Mean SD
T1702C 2 0.68710000 0.02390021
T1702W 2 0.71115000 0.03415326
T1707C 2 0.22455000 0.00007071
T1707W 2 4.61500000 0.29981328
T3002C 2 0.69750000 0.04058793
T3002W 2 0.70840000 0.02701148
T3006C 2 0.73750000 0.00494975
T3006W 2 0.82355000 0.04376991
T3013C 2 0.72385000 0.05239661
T3013W 2 0.74050000 0.00791960
Level of ------- l e u ---------—
GROUPS N Mean SD
T1702C 2 1.07625000 0.03754737
T1702W 2 0.96685000 0.05310372
T1707C 2 0.21325000 0.24713382
T1707W 2 7.26100000 0.48535809
T3002C 2 1.14005000 0.06116474
T3002W 2 1.06995000 0.04518412
T3006C 2 1.17910000 0.00650538
T3006W 2 1.09135000 0.06088189
T3013C 2 1.17305000 0.06851865
T3013W 2 1.08270000 0.01159655
Level of ------- t y r -------------
GROUPS N Mean SD
T1702C 2 0.61580000 0.01074802
T1702W 2 0.66580000 0.04256783
T1707C 2 0.16480000 0.00028284
T1707W 2 3.75250000 0.24253763
T3002C 2 0.58955000 0.06441743
T3002W 2 0.67655000 0.02170818
T3006C 2 0.62795000 0.01081873
T3006W 2 0.89215000 0.05550788
T3013C 2 0.72135000 0.04772971
T3013W 2 0.75870000 0.01385929
Level of --------p h e -----------
GROUPS N Mean SD
T1702C 2 0.80740000 0.02503158
T1702W 2 0.86605000 0.05423509
APIOS C 2 0.19685000 0.04560839
APIOSW 2 6.82240000 0.45905372
T3002C 2 0.78085000 0.04772971
T3002W 2 0.92195000 0.02778930
T3006C 2 0.74580000 0.07481190
T3006W 2 1.17975000 0.06809438
T3013C 2 0.79075000 0.05041671
T3013W 2 1.03520000 0.02517300
Level of ------- HIS------------
GROUPS N Mean SD
T1702C 2 0.26710000 0.00197990
T1702W 2 0.26745000 0.00940452
APIOS C 2 0.10375000 0.00091924
APIOSW 2 2.49800000 0.17677670
T3002C 2 0.30240000 0.01598061
T3002W 2 0.29300000 0.01329361
T3006C 2 0.30560000 0.00169706
T3006W 2 0.29395000 0.01491995
Level of ------- HIS------------
GROUPS N Mean SD
T3013C 2 0.31050000 0.02446589
T3013W 2 0.28370000 0.00042426
T1702C 2 0.77250000 0.02022325
APIOSW 2 0.73890000 0.03422397
APIOS C 2 0.24700000 0.00141421
T1707W 2 4.37900000 0.28142850
T3002C 2 0.86040000 0.03775950
T3002W 2 0.70185000 0.23132483
T3006C 2 0.88465000 0.00728320
T3006W 2 0.76340000 0.02446589
T3013C 2 0.81925000 0.05267946
T3013W 2 0.73175000 0.01930402
Level of ------ -------ARG----------
GROUPS N Mean SD
T1702C 2 0.71040000 0.02489016
T1702W 2 0.82670000 0.03323402
APIOS C 2 0.17505000 0.00148492
APIOSW 2 3.29375000 0.20117188
T3002C 2 0.79350000 0.05501291
T3002W 2 0.71225000 0.02467803
T3006C 2 0.79015000 0.01096016
T3006W 2 0.85490000 0.04879037
T3013C 2 0.80350000 0.06024550
T3013W 2 0.75470000 0.01159655
Level of -------CYS-----------
GROUPS N Mean SD
T1702C 2 0.84540000 0.14905811
T1702W 2 1.11835000 0.10797521
APIOS C 2 0.12205000 0.00586899
APIOSW 2 2.37940000 0.12430937
T3002C 2 1.03930000 0.15245222
T3002W 2 0.88675000 0.00275772
T3006C 2 0.74495000 0.02623366
T3006W 2 1.18955000 0.03486036
T3013C 2 1.08715000 0.37130177
T3013W 2 1.40975000 0.17656456
Level of ------ m e t ----------
GROUPS N Mean SD
T1702C 2 1.33255000 0.01859691
T1702W 2 1.67035000 0.14375481
APIOS C 2 0.10525000 0.00728320
APIOSW 2 4.37575000 0.04914392
T3002C 2 1.85865000 0.29917688
T3002W 2 1.27225000 0.00035355
T3006C 2 1.22075000 0.05282088
T3006W 2 1.17850000 0.00636396
T3013C 2 1.91150000 0.44052752
T3013W 2 1.56710000 0.03125412
Level of ------ TRY-----------
GROUPS N Mean SD
T1702C 2 0.07970000 0.05741707
T1702W 2 0.20310000 0.03563818
APIOSC 2 0.04950000 0.03563818
APIOSW 2 2.13995000 0.41683945
T3002C 2 0.31840000 0.02786001
T3002W 2 0.19250000 0.01032376
T3006C 2 0.27940000 0.01697056
T3006W 2 0.20135000 0.02750645
T3013C 2 0.21625000 0.02425376
T3013W 2 0.12935000 0.01718269
APPENDIX D:
AMINO ACID IN DIETS FORMULATED FROM SWEETPOTATOES, APIOS 
AND PIGEON PEAS mg/100mg OF SAMPLE.
Level of --------ASP------
GROUPS N Mean SD
ANRC 2 0.86040000 0.01739483
APIOSD 2 0.36900000 0.02064752
CONTRL 2 0.29600000 0.00593970
PPEAS 2 0.41870000 0.00296985
T1702D 2 0.49190000 0.06759941
T3002D 2 0.38060000 0.00155563
T3006D 2 0.32155000 0.00077782
T3013D 2 0.40465000 0.03783021
Level of --------THR-----
GROUPS N Mean SD
ANRC 2 0.48990000 0.01004092
APIOSD 2 0.10590000 0.00551543
CONTRL 2 0.13125000 0.00516188
PPEAS 2 0.11385000 0.00077782
T1702D 2 0.13165000 0.01689985
T3002D 2 0.10315000 0.00077782
T3006D 2 0.08525000 0.00077782
T3013D 2 0.09900000 0.00268701
Level of ------- SER------
GROUPS N Mean SD
ANRC 2 0.53785000 0.01166726
APIOSD 2 0.10470000 0.00424264
CONTRL 2 0.12810000 0.00707107
PPEAS 2 0.11355000 0.00049497
T1702D 2 0.12445000 0.01506137
T3002D 2 0.09520000 0.00155563
T3006D 2 0.09050000 0.00183848
T3013D 2 0.10430000 0.00862670
Level of ------- GLU------
GROUPS N Mean SD
ANRC 2 4.85140000 0.05727565
APIOSD 2 0.32755000 0.06187184
CONTRL 2 0.69245000 0.02552655
PPEAS 2 0.52720000 0.00452548
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T1702D 2 0.51595000 0.06781154
T3002D 2 0.38770000 0.00353553
T3006D 2 0.35780000 0.00494975
T3013D 2 0.43765000 0.04122433
Level of --------GLY-----
GROUPS N Mean SD
ANRC 2 0.23920000 0.00579828
APIOSD 2 0.10635000 0.00502046
CONTRL 2 0.06250000 0.00169706
PPEAS 2 0.12195000 0.00091924
T1702D 2 0.12665000 0.01619275
T3002D 2 0.09710000 0.00028284
T3006D 2 0.08515000 0.00091924
T3013D 2 0.10085000 0.00898026
Level of --------ALA-----
GROUPS N Mean SD
ANRC 2 0.46915000 0.01209153
APIOSD 2 0.11175000 0.00530330
CONTRL 2 0.10055000 0.00388909
PPEAS 2 0.14085000 0.00134350
T1702D 2 0.16475000 0.00190919
T3002D 2 0.11425000 0.00063640
T3006D 2 0.10140000 0.00014142
T3013D 2 0.11750000 0.01074802
Level of ------- VAL------
GROUPS N Mean SD
ANRC 2 0.59535000 0.00530330
APIOSD 2 0.10945000 0.02241528
CONTRL 2 0.20055000 0.02807214
PPEAS 2 0.12185000 0.00487904
T1702D 2 0.15495000 0.01760696
T3002D 2 0.12205000 0.00007071
T3006D 2 0.11520000 0.00084853
T3013D 2 0.11915000 0.00742462
Level of ------- il e -------
GROUPS N Mean SD
ANRC 2 0.62380000 0.01159655
APIOSD 2 0.11855000 0.01067731
CONTRL 2 0.17235000 0.00558614
PPEAS 2 0.13565000 0.00049497
T1702D 2 0.14340000 0.01965757
T3002D 2 0.11150000 0.00395980
T3006D 2 0.09605000 0.00091924
T3013D 2 0.10895000 0.01831407
Level of --------LEU-----
GROUPS N Mean SD
ANRC 2 1.17040000 0.02248600
APIOSD 2 0.19525000 0.04631549
CONTRL 2 0.31775000 0.00968736
PPEAS 2 0.25480000 0.00183848
T1702D 2 0.23010000 0.00494975
T3002D 2 0.19865000 0.00643467
T3006D 2 0.17435000 0.00205061
T3013D 2 0.20225000 0.01039447
Level of --------TYR------
GROUPS N Mean SD
ANRC 2 0.66375000 0.01308148
APIOSD 2 0.08575000 0.01223295
CONTRL 2 0.16375000 0.00106066
PPEAS 2 0.09895000 0.00275772
T1702D 2 0.11080000 0.01385929
T3002D 2 0.08510000 0.00254558
T3006D 2 0.07045000 0.00148492
T3013D 2 0.08295000 0.01180868
Level of ..........PHE------
GROUPS N Mean SD
ANRC 2 0.60195000 0.01180868
APIOSD 2 0.14705000 0.02029396
CONTRL 2 0.16815000 0.00742462
PPEAS 2 0.16970000 0.00268701
T1702D 2 0.19380000 0.02672864
T3002D 2 0.14980000 0.00438406
T3006D 2 0.12955000 0.00063640
T3013D 2 0.13340000 0.02050610
Level of ------- HIS-------
GROUPS N Mean SD
ANRC 2 0.38035000 0.00883883
APIOSD 2 0.07950000 0.00806102
CONTRL 2 0.09210000 0.00296985
PPEAS 2 0.09915000 0.00035355
T1702D 2 0.09595000 0.01237437
T3002D 2 0.07245000 0.00148492
T3006D 2 0.06500000 0.00042426
T3013D X* 0.07705000 0.00700036
Level of --------LYS------
GROUPS N Mean SD
ANRC 2 0.99630000 0.02078894
APIOSD 2 0.14250000 0.04072935
CONTRL 2 0.26225000 0.00940452
PPEAS 2 0.21655000 0.00219203
T1702D 2 0.19905000 0.02722361
T3002D 2 0.15440000 0.00523259
T3006D 2 0.13860000 0.00070711
T3013D 2 0.16520000 0.01258650
Level of --------ARG-----
GROUPS N Mean SD
ANRC 2 0.42200000 0.00452548
APIOSD 2 0.16200000 0.01654630
CONTRL 2 0.12900000 0.00282843
PPEAS 2 0.21910000 0.00268701
T1702D 2 0.20755000 0.02538513
T3002D 2 0.16065000 0.00799031
T3006D 2 0.14865000 0.00134350
T3013D 2 0.16965000 0.01689985
Level of ------- CYS------
GROUPS N Mean SD
ANRC 2 0.39490000 0.03719382
APIOSD 2 0.06045000 0.00021213
CONTRL 2 0.05315000 0.00558614
PPEAS 2 0.10045000 0.00120208
T1702D 2 0.05730000 0.00014142
T3002D 2 0.04855000 0.00572756
T3006D 2 0.04145000 0.00035355
T3013D 2 0.05005000 0.00629325
Level of ------- MET-----
GROUPS N Mean SD
ANRC 2 1.68065000 0.16468517
APIOSD 2 0.07000000 0.00113137
CONTRL 2 0.21700000 0.01484924
PPEAS 2 0.15155000 0.00530330
T1702D 2 0.09890000 0.00438406
T3002D 2 0.08120000 0.00424264
T3006D 2 0.06735000 0.00247487
T3013D 2 0.08250000 0.00636396
Level of ------ -TYR------
GROUPS N Mean SD
ANRC 2 0.66375000 0.01308148
APIOSD 2 0.08575000 0.01223295
CONTRL 2 0.16375000 0.00106066
PPEAS 2 0.09895000 0.00275772
T1702D 2 0.11080000 0.01385929
T3002D 2 0.08510000 0.00254558
T3006D 2 0.07045000 0.00148492
T3013D 2 0.08295000 0.01180868
APPENDIX E:
IDENTIFICATION OF CAROTENOIDS BY MASS SPECTROMETER
The mass of the carotenoids on measuring using FAB method and comparing to 
literature, showed the following:
B-Carotene had a mass of 537.8 
a-Carotene had a mass of 537.8 
Canthaxanthin had a mass of 565.8 
(Schmitz et al., 1992)
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APPENDIX F:
WEANING FOOD MIXTURES WITH SWEETPOTATO BASE
Add: lOg oil or 5g oil and lOg sugar or 20sugar 
To: 150g sweetpotato and 25g soybean



















(Cameron and Hofvander, 1971, 1976)
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APPENDIX G:
HUNTER COLOR TRISTIMULUS CHART
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L,a,b, COLOR SOLID
CIE 1 9 7 6  L* a* b* (CIELAB)
=  1 1 6  (Y/Yo) - 16 
=  5 0 0  [(X/Xo)^3- (Y /Y o )^ ]  
=  2 0 0  [(Y/Yo)56- (Z /Z o )^ !
Llmiled lo:
X/X„; Y/Yo; Z / Z o > 0  0
L = 100
Wlii t e
H UNTER L. a,  b
L =  1 0 0  (Y/Yo)'/j 
K a (X/Xo - Y/Yo)
(Y/Yo)




W h i n :  I) K,Y,Z i r e  t r l a l lm ulua  v a lu e t
2) Xo, Yo, Zo a ra  Ir l s l l mulua  va lu ea  for p a r f a c t  
dl ffuaar  lor l l l umlnan l  u a a d
3) Ka, Kb a t a  c h rm n a lt c lt y  c o e f f ic i e n t s  for UHiminant 
u s e d
H U N T E R L A B
1 1 4 9 5  S u n s e t  Hills R o a d  
R e s lo n ,  Virginia 2 2 0 9 0
L =  O
d l c i c k
l l l um lnanl Xo Yo Zo Ka Kb
A 100.828 100.000 35.547 105 30
C 08 041 100.000 110.103 175 70
° 0 5 B5.0I8 100.000 108.045 172 67
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